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reziume 
 
mzis qaris plazmisa da dedamiwis magnituri velis 
urTierTqmedeba gansakuTrebiT aqtualuria, radganac warmoad-
gens bunebriv garemoSi mimdinare globalur energetikul 
process. mzis fotosferodan gamofrqveuli metad gaiSviaTebuli 
plazmuri nakadi, mzis qari, dedamiwis magnitosfero da misi 
mTavari radiaciuli sartyeli, ionosfero, ayalibeben erTian 
sistemas, romlSic uwyvetad xdeba eleqtromagnituri energiis  
gadacema mzis qaridan dedamiwaze.  
sadisertacio naSromis mizani mdgomareobs dedamiwis 
magnitosferos dRis mxaris sazRvarze magnituri velis topolo-
giuri Taviseburebebis SeswavlaSi da magnitohidrodinamikur 
sasazRvro fenaSi magnituri velis induqciis araerTgvarovani 
ganawilebiT gamowveuli magnitogradientuli talRebis maxasi-
aTebeli speqtris SefasebaSi. mzis qaris plazmis dinamikasTan 
dakavSirebuli konkretuli amocanebis ganxilvisas gamoyenebu-
lia magnitohidrodinamikuri (mhd) miaxloeba, xolo plazmis 
eleqtruli gamtareblobis cvlilebis efeqtebi Sefasebulia 
kinetikur miaxloebaSi, anomaluri winaRobis sagdeevis Teoriis 
mixedviT.  
sadisertacio naSromSi agebulia ramdenime originaluri 
modeli, romelTa saSualebiTac SesaZlebelia Tanamedrove 
ricxviTi eqsperimentebis Teoriuli interpretacia. maTi Sedegebi 
SeiZleba mniSvnelovani aRmoCndes TermobirTvuli sinTezis 
laboratoriuli modelirebis dros ganviTarebuli disipaciuri 
efeqtebis fizikuri arsis gagebisaTvis. pirveli Tavis pirvel 
paragrafSi zogadad ganxilulia magnituri hidrodinamikis 
gantolebaTa sistema. meore paragrafSi mocemulia am gantole-
bebis gamartivebuli formebi da maTi ganuzomel saxeze dayvanis 
sqema, agreTve mhd dinebebis msgavsebis ZiriTadi ganuzomeli 
parametrebi. aqve mocemulia dedamiwis magnituri sasazRvro 
fenis, e.w. magnitopauzis, Teoria da misi Sesabamisi gantolebebi. 
I Tavis mesame paragrafSi mokled ganxilulia Svecis 
mimdevrobiTi miaxloebis meTodi da Sefasebulia misi efeq-
turoba sxvadasxva tipis sasazRvro fenebis amocanebis 
analizuri amonaxsnebis miRebis TvalsazrisiT.  
meore Tavis pirveli paragrafi exeba mzis qaris 
magnituri siblantis problemas. mocemul substancias 
magnitosferosTan urTierTqmedebamde gaaCnia praqtikulad 
idealuri eleqtruli gamtarebloba, magram, Tu am parametris 
sididis Sesafaseblad gamoviyenebT spitceris cnobil 
formulas, samarTlians absoluturad ionizirebuli gazisaTvis, 
miviRebT, rom mzis qari saplanetaTaSoriso sivrceSi ar 
warmoadgens idealurad gamtar garemos, rac niSnavs, rom mas 
gaaCnia garkveuli magnituri siblante. anomaluri winaRobis 
sagdeevis kinetikuri Teoriis Tanaxmad, plazmis magnituri 
siblantis anomaluri zrda dakavSirebulia ionur-bgeriTi 
aramdgradobis aRZvrasTan. sadisertacio naSromSi Sedarebulia 
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sagdeevis TeoriiT miRebuli mzis qaris plazmis anomaluri 
magnituri siblante, mdgari zonis irgvliv azimutaluri 
magnituri velis modelis gamoyenebiT miRebul mis sididesTan. 
aRmoCnda, rom magnitohidrodinamikuri wonasworobis piroba 
mdgari zonis sazRvarze moiTxovs iseTive sididis magnitur 
siblantes, rogorsac iZleva sagdeevis Teoria. meore paragrafSi 
ganxilulia magnituri siblantis impulsuri cvlilebis efeqti 
arastacionarul meridionalur magnitur sasazRvro fenSi, 
romelTanac gaigivebulia magnitopauza magnitosferos 
meridionalur kveTaSi.   
mesame Tavis pirvel paragrafSi mocemulia magnitosferos 
kritikul wertilSi anihilaciis Sedegad saplanetaTaSoriso 
magnituri velisa da geomagnituri velis sasazRvro Zalwirebis 
gadaerTebis movlenis modeli, agebuli algebruli mrudebis 
Teoriis gamoyenebiT. magnituri velis miRebuli topologiuri 
suraTis mixedviT, gansxvavebiT sxva cnobili modelebisagan,  
gadaerTebis efeqtis iniciaciisaTvis aucilebeli ar aris 
magnitosferos sazRvris erozia da, Sesabamisad, Sida magnito-
sferuli struqturebis SeSfoTeba. mesame Tavis meore 
paragrafSi mocemulia magnitosferos winamdebare mdgari zonis 
zedapirze magnituri velis Zalwirebis xraxniseburi topolo-
giuri modeli, romlis safuZvelia mdgari zonis wveros 
gaigiveba gansakuTrebul wertilTan. am modelis mixedviT 
SesaZlebelia saplanetaTaSoriso magnituri velis Zalwiris 
gaxleCa mdgari zonis wveroSi, saidanac gamomdinareobs 
topologiuri msgavseba wveros mqone magnitur zedapirsa da 
kritikuli wertilis mqone zedapiris laminaruli siTxiT 
garsdenis dros Camoyalibebul hidrodinamikur stagnaciis zonas 
Soris. am Tavis mesame paragrafSi, mhd gantolebaTa sistemis 
safuZvelze, mcire SeSfoTebebis meTodiT, magnitosferos 
winamdebare mdgari zonis modelis CarCoebSi, wrfiv miaxloebaSi 
miRebulia mzis qaris parametrebis SeSfoTebis Sedegad 
generirebuli  mhd talRebis maxasiaTeblebi. Sedegebi miRebulia, 
rogorc idealurad gamtari, aseve disipaciuri plazmisaTvis, 
kumSvadobis faqtoris gaTvaliswinebiT, roca SeSfoTeba 
vrceldeba mdgari zonis simetriis RerZis mimarTulebiT. 
 mesame Tavis bolo, meoTxe paragrafSi ganxilulia 
magnitosferos fokalur areSi rosbis tipis magnitogradien-
tuli talRebis generaciis problema. pirvelad, aRniSnuli 
talRebis maxasiaTebeli parametrebi da sixSiruli speqtri 
miRebulia am areSi magnituri velis rogorc wrfivi, aseve 
arawrfivi ganawilebisaTvis.  
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Abstracts 
 
Interaction of solar wind plasma and the Earth magnetic field is particularly 
important, as it represents a global energy process taking plase in the natural 
environment. Very  low density plasma flow from the Sun’s photosphere, solar wind, 
Earth’s magnetosphere and its main radiation belt, ionosphere, form the system, where 
continuous electromagnetic energy transmission from the solar wind to the 
magnetosphere takes place. 
The aim of the thesis work is to study the topological features of magnetic 
field on the dayside of the earth’s magnetosphere and to estimate the characteristic 
spectrum of magnetogradient waves cased by nonuniform distribution of magnetic 
field induction in the magnetohydrodynamic boundary layer. Magnetohydrodynamic 
(MHD) approximation is used for the specific problems related to the solar wind 
plasma dynamics. The effects of the plasma electric conductivity changes is estimated 
in kinetic approximation by Sagdeev‘s anomalous resistivity theory. 
A number of original models have been proposed in the thesis, which enable 
theoretic interpretation of modern digital experiments. Results of the interpretation 
can be essential for understanding physical nature of dissipative effects developing 
during laboratory modeling of thermonuclear synthesis. In the first paragraph of the 
first chapter the system of magnetic hydrodynamic equations is discussed. In the 
second paragraph, simplified forms of the equations and transformation scheme of 
these equations to the non-dimensional form are presented. The main non-dimensional 
similarity parameters of the MHD flow presented as well. There of the first chapter 
the theory of Earth’s magnetic boundary layer, i.e. magnetopause, and corresponding 
to it equations are given. In the third paragraph of the first chapter the Shvetz’s 
successive approximations method is shortly reviewed and its efficiency is estimated 
for analytical solutions of problems on various types of boundary layers. 
 The first paragraph of the second chapter is related to the problem of magnetic 
viscosity. This substance, before its interaction with the magnetosphere has practically 
ideal electric conductivity. However, if for the estimation of the value of this 
parameter we use Spitzer’s well- known formula, valid for the absolutely ionized gas 
then the solar wind is not an ideal conductive environment. This means that solar wind 
has a certain magnetic viscosity. According to Sagdeev’s kinetic theory of anomalous 
resistivity the anomalous increase of magnetic viscosity of plasma is related to the 
excitation of ion-acoustic instability. In the thesis work the anomalous magnetic 
viscosity of the solar wind plasma derived from Sagdeev’s theory is compared to the 
value derived from the azimuthal magnetic field model around stagnation zone. We 
found that the boundary condition of magnetohydrodynamic balance requires same 
values of magnetic viscosity as it is given by Sagdeev’s theory. In the paragraph two 
the effect of impulse change of magnetic viscosity in the non-stationary meridional 
magnetic boundary layer and identified as magnetopause in meridional section of 
magnetosphere is reviewed.  
In the first paragraph of third chapter, using the theory of algebraic curves, 
model of reconnection of interplanetary magnetic field force lines and the force lines 
of geomagnetic field due to annihilation at the critical point of magnetosphere is 
presented. Unlike other known models, in this topological picture of magnetic field of 
the effect of interconnection initiation, the erosion of magnetic boundary and 
respective disturbance of the intra magnetospheric structure is not required. In the 
second paragraph of the third chapter the screwlike topological model of the magnetic 
field force lines at the surface of stagnation zone is given. The basis of the model is 
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the identification of the top of stagnation zone with the singular point. According to 
this model the reconection of the interplanetary magnetic field force line at the tip of 
stagnation zone is possible. Therefore the topological similarity takes place between 
the magnetic surface with the top and the stagnation zone, which is formed during the 
laminar flow around the surface with the critical point. In the third paragraph of this 
chapter, on the basis of MHD system of equations, by the method of small 
disturbances, in the frames of stagnation zone model of magnetosphere, the 
characteristics of the MHD waves generated by the disturbances of parameters of the 
solar wind are derived in linear approximation. The results are obtained as for ideal 
conductor as well for dissipative plasma, considering the factor of compressibility 
when the disturbance is extended towards the axis of symmetry of stagnation zone. In 
the last, forth paragraph of the third chapter the problem of the generation of a Rossby 
type magnetogradient waves in the focal area substetuded by stagnation zone of 
magnetosphere is discussed. For the first time, the characteristic parameters of 
abovementioned waves and the frequency spectrum is derived in this area as for linear 
as well for nonlinear distributions of the magnetic field. 
  
 
                          The results are presented in the following conclusions: 
 
1. By modeling impulsive changes solar wind’s  electric conductivity in time, 
using the  Jigulev’s first order analytical equations, Parker’s kinematical model 
and Shvetz’s  succsessive approximations metod, parameters of the meridional 
magnetopause are defined; The effect of inertia of the magnetic boundary layer 
is presented; Similarly to the effect in the temperature boundary layer, it 
promotes the stability of the parameters of magnetopause during the change of 
the electric conductivity of the plasma; The value of the velocity of the 
electromagnetic drift along the magnetopause which is the validity criteria of 
the mono-liquid magnetic hydrodynamic equations in the vicinity of 
magnetosphere boundary  is estimated. 
 
2. By means of algebraic curve theory, flat topology model of the change in the 
configuration of the boundary force line of geomagnetic field due to 
annihilation of magnetic filed in the critical point of magnetosphere is 
developed; According to this model in the critical point there is a possibility of 
formation of a real algebric knot. In this case the reconnection scheme of the 
interplanetary magnetic filed and geomagnetic field force lines and Shvetz’s 
model of succsessive approximations becomes more simple because the 
erosion of magnetic boundary, usually connected to excitation of intra-
magnetospheric structures, is not necessary. 
 
3. Based on the possibilities of multiple splitting of interplanetary magnetic field 
force line at the singular point, the surface of magnetic boundary of stagnation 
zone of magnetosphere is developed; it was shown that this surface, in case of 
the synthesis with the model of concentrated magnetic loops around 
magnetosphere, will be transformed to the screwlike magnetic surface with the 
variable steps. The parameters of this transformation are determined by the 
linear parameters of stagnation zone; It has been demonstrated that the 
topological similarity between the force lines of frozen into the solar wind 
plasma interplanetary magnetic field and the lines of the plasma current, which 
8 
takes place when velocity vectors and the vectors of induction of magnetic 
field are parallel before interaction with the magnetosphere, can be preserved 
in stagnation zone of magnetosphere even if plasma has finite magnetic and 
regular viscosity. 
 
 
4. In stagnation zone of magnetosphere, as in the ideal conductive as well in the 
approximation of mechanical and magnetic viscous compressible plasma, the 
generation of magnetohydrodynamic waves with the frequency spectrum  
equal to the cyclotron frequency spectrum of protons in magnetopause is 
possible. It turned out, that besides the equatorial magnetopause, generation of 
very low frequency Rossby like magnetogradient waves is possible also in the 
focal area of magnetosheath (stagnation zone); in the approximation of 
stagnation zone model for the different models of linear and nonlinear 
distribution of magnetic field, the frequency spectrum of Rossby like waves, 
which completly covers the frequency range of regular geomagnetic (Pc1-Pc6) 
pulsations is derived. 
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შესავალი 
kosmosuri energiiT magnitosferos momaragebis gareSe 
SeuZlebeli iqneboda am uzarmazari bunebrivi plazmuri 
rezervuaris mravalferovan Sida struqrurebSi mimdinare 
fizikuri procesebis energetikuli uzrunvelyofa. aqedan gamom-
dinare, magnitosfero ver Seasrulebda mis mTavar funqcias, 
romelic mdgomareobs dedamiwaze organuli bunebis warmoqmni-
saTvis aucilebeli garemo pirobebis uzrunvelyofasa da 
sasicocxlo procesebis dacvaSi mzisa da kosmosuri obieqtebis 
mavne radiaciuli gamosxivebisagan. am procesis warmarTvis 
TvalsazrisiT gansakuTrebuli mniSvnelobis mqonea dedamiwis 
magnituri sasazRvro fena, anu mzis qarisa da geomagnituri 
velis uSualo kontaqtis are.  
P sadisertacio naSromSi miRebuli Sedegebi samarTliania 
e.w. induqciur miaxloebaSi, anu roca reinoldsis magnituri 
ricxvi 1Re >>m . aseTi situacia zustad Seefereba mzis qaris 
plazmas, rogorc magnitosferosTan urTierTqmedebamde, aseve 
magnitosferos winamdebare gardamaval areSi, romelic warmoad-
gens sivrces dartymiTi talRis frontsa da geomagnituri velis 
sasazRvro Zalwirebs Soris. 
 disertaciaSi gamoyenebulia Svecis mimdevrobiTi miax-
loebis meTodis arastacionaruli modifikacia da Sefasebulia 
misi efeqturoba sxvadasxva tipis sasazRvro fenebis amocanebis 
analizuri amonaxsnebis miRebis TvalsazrisiT. miuxedavad imisa, 
rom Svecis mimdevrobiTi miaxloebis mwkrivi zogadad krebadi ar 
aris, aRmoCnda, rom zogierTi amocanebisTvis, kerZod, difuziis 
tipis gantolebebisaTvis, is Zalian karg Sedegs iZleva ukve II 
miaxloebaSi. am amoxsnebis zust amoxsnebTan Sedarebam aCvena, 
rom Svecis meTodis cdomileba mxolod 10%-s Seadgens, rac 
sakmaod kargi Sedegia nebismieri miaxloebiTi analizuri 
meTodisaTvis.  
12 
Msadisertacio naSromi exeba mzis qaris plazmis magnituri 
siblantis problemas. magnitosferosTan urTierTqmedebamde mzis 
qars gaaCnia praqtikulad idealuri eleqtruli gamtarebloba. 
magram, Tu am parametris sididis Sesafaseblad gamoviyenebT 
spitceris cnobil formulas, samarTlians absoluturad 
ionizirebuli gazisaTvis, miviRebT, rom mzis qari saplanetaTa-
Soriso sivceSi ar warmoadgens idealurad gamtar garemos. es 
niSnavs, rom plazmas gaaCnia garkveuli magnituri siblante.  
dartymiTi talRis frontis gavlis Semdeg mzis qaris 
eleqtruli gamtarebloba mkveTrad ecema. Sesabamisad, naxtomi-
seburad izrdeba misi magnituri siblante. anomaluri winaRobis 
sagdeevis kinetikuri Teoriis Tanaxmad, plazmis magnituri 
siblantis anomaluri zrda dakavSirebulia ionur-bgeriTi 
aramdgradobis aRZvrasTan. am tipis aramdgradobis ganviTar-
ebisTvis magnitosferos sazRvris maxloblad arsebobs 
gansakuTrebiT xelSemwyobi pirobebi, romelTa Soris mTavaria 
temperaturuli anizotropia mzis qaris eleqtronul da 
protonul komponentebs Soris, garkveuli sididis dreifis 
siCqaris pirobebSi. es kritriumebi Zalian kargad kmayofildeba 
gardamavali aris fokalur nawilSi, e.w. Capliginis mdgar 
zonaSi.  
magnituri siblantis maxasiaTebeli sididis cvlilebis 
intervalis gansazRvra saSualebas iZleva martivad avagoT mzis 
qaris plazmis eleqtruli gamtareblobis droSi impulsuri 
cvlilebebis modelebi, romlebic gamoyenebulia dedamiwis 
magnituri sasazRvro fenis parametrebis analizurad gansazRvri-
saTvis. aseve originaluria magnitosferos winamdebare mdgari 
zonis zedapirze magnituri velis Zalwirebis xraxniseburi 
topologiuri modeli, romlis safuZvelia mdgari zonis wveros 
gaigiveba gansakuTrebul wertilTan.  
magnitosferos winamdebare mdgari zonis modelis 
CarCoebSi, wrfiv miaxloebaSi miRebulia mzis qaris parametrebis 
SeSfoTebis Sedegad generirebuli magnitohidrodinamikuri 
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talRebis maxasiaTeblebi, rogorc idealurad gamtari, aseve 
disipaciuri plazmisaTvis, kumSvadobis faqtoris gaTvalis-
winebiT, roca SeSfoTeba vrceldeba mdgari zonis simetriis 
RerZis mimarTulebiT. ganxilulia magnitosferos fokalur 
areSi rosbis tipis magnitogradientuli talRebis generaciis 
problema. pirvelad, aRniSnuli talRebis maxasiaTebeli 
parametrebi da sixSiruli speqtri miRebulia  magnituri velis 
rogorc wrfivi, aseve arawrfivi ganawilebisaTvis. naCvenebia, rom 
magnituri bunebis mqone rosbis tipis gradientuli talRebis  
sixSiruli  diapazoni faravs regularuli geomagnituri Pc1-Pc6 
pulsaciebis sixSirul diapazons. 
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Tavi I. magnituri hidrodinamikis gantolebebi 
 1.1 mhd msgavsebis ganuzomeli parametrebi 
magnituri hidrodinamika Seiswavlis eleqtrogamtari 
siTxis moZraobas gareSe magnitur velSi. misTvis ZiriTadia 
siTxis an gazis warmodgena uwyveti gamtari garemos saxiT, 
romelic eqvemdebareba makroskopuli eleqtrodinamikis kanonebs. 
aqedan gamomdinare, gaCndeba SesaZlebloba, raTa ganvixiloT im 
amocanaTaAkompleqsi, romelic Seiswavlis uwyveti garemos 
dinamikuri da eleqtromagnituri Tvisebebis urTierTkavSirs. 
 eleqtromagnitur velze uwyveti eleqtrogamtari garemos 
zemoqmedebis gaTvaliswineba efuZneba induqciis movlenas, 
romelic gaTvaliswinebulia maqsvelis gantolebebSi [1]. 
magnituri hidrodinamikis amocanebis didi nawilis 
amoxsnisas, astrofizikis amocanebis gamoklebiT, sadac mTavaria 
relativisturi efeqtebi, SeiZleba davuSvaT, rom uwyveti 
garemos moZraobis siCqare sakmaod mcirea sinaTlis siCqaresTan 
SedarebiT. aseT garemoSi eleqtromagnituri velis aRwerisaTvis 
viyenebT maqsvelis gantolebaTa sistemas, romelic Cawerilia  
nela moZravi garemos eleqtrodinamikis gantolebebis saxiT. 
imavdroulad, xdeba gantolebebis gamartiveba Semdegi daSvebebis 
safuZvelze: 
1. arastacionaruli movlenebis ganxilvisas wanacvlebis 
deni ugulvebelyofilia; 
2. omis diferencialur kanonSi konveqtiuri (adveqciuri) 
moZraobis wevri ugulvebelyofilia. 
miaxloeba, rodesac mhd gantolebebSi ar aris gaTvaliswinebuli 
wanacvlebis deni, anu eleqtruli velis droiTi warmoebuli 
maqsvelis Sesabamis gantolebaSi, erTmaneTisagan mijnavs 
kosmosur eleqtrodinamikasa da Teoriul radioastronomias. 
zogadi mosazrebebiT, romlebic warmoadgenen specialuri gan-
xilvis sagans, sabuTdeba, rom Tu kosmosuri eleqtrodinamikis 
romelime problemis maTematikuri  gadawyveta miRebulia wanacv-
lebis denis gaTvaliswinebis gareSe, maSin analizuri amonaxsnis 
15 
adeqvaturoba sawyis pirobebTan SeiZleba Semowmdes post-faqtum 
[2]. aseTi midgomis mTavari principi samarTliania maSin, rodesac 
SesaZlebelia analizuri amonaxsnis Semowmeba mdgradobaze. Tu 
amonaxsni exeba droSi nela cvlad movlenas, misi aramdgradoba 
niSnavs, rom aRiZvreba raRaca tipis maRalsixSiruli rxeva (an 
xmauri), romelic urTierTqmedebs amonaxsnis nela cvlad 
nawilTan. es urTierTqmedeba yovel konkretul SemTxvevaSi 
Seswavlili unda iyos, rac niSnavs analizuri amonaxsnis post-
faqtum gamokvlevas. am dros apriori CaTvlilia, rom procesi 
imdenad swrafi ar aris, raTa mxedvelobaSi misaRebi iyos 
wanacvlebis deni.   
amonaxsnis mdgradobis pirobebis gamokvleva wesiT 
gviCvenebs, Tu ramdenad samarTliani iyo sawyisi daSveba 
wanacvlebis denis ugulvebelyofasTan dakavSirebiT. magram, 
arsebobs iseTi movlenebic, romlebic ar SeiZleba CavTvaloT 
droSi nela cvladad. magaliTad, aseTi movlenaa kosmosur 
garemoSi warmoqmnili mhd dartymiTi talRa. amitom, dartymiTi 
talRebis TeoriaSi samarTliania mxolod iseTi kavSiri densa 
da magnitur vels Soris, romelSic, gamtareblobis denTan 
erTad monawileobs agreTve  wanacvlebis denic. 
 moyvanili msjeloba sruliad sakmarisia magnitohidro-
dinamikuri sasazRvro fenebis ganxilvisas, romlebSic wanacvle-
bis deni, anu muxtebis polarizaciis efeqti, SeiZleba ugul-
vebelvyoT. aseTi daSveba samarTliania, magaliTad, magnitos-
feros dRis mxaris sazRvarze, sadac permanentulad arsebobs 
droSi nela cvladi (plazmuri procesebis maxasiaTebel 
droebTan SedarebiT), gansakuTrebuli mhd struqtura, 
magnitopauza [3]. am Tavis Semdeg paragrafebSi mocemuli iqneba 
Jiguliovis magnituri sasazRvro fenis arastacionaruli 
gantolebebi, romelTaTvisac, pirobis Tanaxmad, hidrodinamikuri 
arastacionarulobis efeqti gacilebiT ufro didi droiTi 
masStabebis mqonea, vidre magnitur velSi protonebis larmoris 
brunvis sixSire. sasazRvro fenis miaxloebis gamarTlebasTan 
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erTad, aseTi daSveba agreTve mniSvnelovnad amartivebs omis 
kanons, radganac iZleva saSualebas SedarebiT martivad 
ganvsazRvroT magnitur sasazRvro fenSi generirebuli eleqtru-
li veli da SevafasoT mniSvnelovani parametris, damuxtuli 
nawilakebis eleqtromagnituri dreifis siCqaris, sidide. 
magnituri hidrodinamikis ZiriTadi daSvebis meore punqti 
omis kanonSi konveqciuri wevris ugulvebelyofis SesaZleblobas 
exeba. masac, daSvebis pirveli punqtis msgavsad, sWirdeba 
misadageba konkretul amocanasTan. aSkaraa, rom konveqciuri   
moZraobis wevri omis diferencialur kanonSi mniSvnelovania 
maSin, rodesac gamtari garemos siCqare sakmaod didia. im 
SemTxvevaSi, Tu ki siCqare nulia an mcirea, garemos maxasiaTebel 
hidrodinamikur siCqaresTan SedarebiT, maSin SegviZlia davuSvaT, 
rom gvaqvs mxolod gamtareblobis denis Sesabamisi wevri, anu 
omis kanons aqvs iseTi saxe, rogoric  metalur gamtarSi da ara 
magnitur velSi moZrav gamtar siTxeSi [1]. konkretulad, 
magnitosferos garsdenis amocanaSi SeiZleba CavTvaloT, rom 
iseTi struqturuli are, romelisTvisac SesaZlebelia omis 
kanonSi konveqciuri wevris ugulvebelvyofa, aris magnitosferos 
kritikuli wertilis Semcveli fokaluri are. magram, 
konkretuli amocanisaTvis am Tezis samarTlianobas mainc 
sWirdeba Sefaseba, Tu ki ar viyenebT magnitosferos winamdebare 
mdgari zonis models [3,4]. hidrodinamikuri moZraobis 
gantolebis nebismieri sxva analizuri amonaxsni an siCqareebis 
kinematikuri modeli fokalur areSi iZleva mzis qaris sasrul 
hidrodinamikur siCqares. amitom, meore piroba moiTxovs, rom 
dadgindes im aris sivrculi zoma, romlisTvisac dasaSvebia omis 
kanonSi konveqciuri wevris ugulvebelyofa. aRvniSnavT, rom 
saWiro xazovani maxasiaTeblebis sidide damokidebulia ara mzis 
qaris plazmis Termodinamikur parametrebze da eleqtro-
gamtareblobaze, aramed magnitosferos garsdenis modelur 
msxvilmasStabovan hidrodinamikur suraTze. Cveulebriv iTvleba, 
rom uwyveti eleqtrogamtari garemo, mzis qari, erTgvarovania da 
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izotropuli, xolo misi eleqtruli gamtarebloba gardamaval 
areSi, ionosferuli plazmisagan gansxvavebiT, ar aris 
damokidebuli magnitur velze. 
      wanacvlebis denis gareSe, omis diferencialur kanons aqvs 
Semdegi saxe 
    [ ]( )BVEj rrr +=σ  ,    (1.1.1) 
sadac j -denis simkvrivea, σ -garemos eleqtrogamtarobis 
koeficienti, E
r
-eleqtruli velis daZabuloba, B
r
-magnituri 
velis induqcia [5,6]. 
 amrigad, mzis qarisaTvis magnituri hidrodinamikis 
gantolebaTa sistemis `eleqtromagnituri” nawili Sedgeba (1.1.1) 
gantolebisa da maqsvelis gantolebebisagan (msgavsebis mhd 
ganuzomeli parametrebis misaRebad mosaxerxebelia erTeulTa 
saerTaSoriso sistemis gamoyeneba) 
    jBrot
rr
0µ= ,          (1.1.2) 
    
t
B
Erot
∂
∂
−=
r
r
,         (1.1.3) 
0=Bdiv
r
,         (1.1.4) 
    
0ε
ρ eEdiv =
r
,         (1.1.5) 
sadac 0µ  da 0ε  - Sesabamisad aris magnituri da dieleqtrikuli 
mudmivebi (absoluturi SeRwevadobebi), eρ -eleqtruli muxtis 
moculobiTi simkvrive. saplanetaTaSoriso sivrcisaTvis, vaku-
umis msgavsad, fardobiTi µ =1 da 1=ε . 
       mhd gantolebaTa `hidromagnituri” nawili agebulia 
eleqtruli denis magnitur velTan urTierTqmedebis Zalis 
gaTvaliswinebiT, romelic eleqtro da magnitostatikuri 
Zalebis ugulvebelyofis Semdeg garemos erTeulovani moculo-
bisaTvis tolia 
    [ ]Bjf rrr
0
1
µ
=el .    (1.1.6) 
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       magnitur velSi ukumSvadi uwyveti eleqtrogamtari 
garemos moZraobis (navie-stoqsis) gantolebas aqvs Semdegi saxe: 
  ( ) FfVgradPVgradV
t
V rrrrr
r
+++−=





+
∂
∂
el∆ηρ   (1.1.7) 
V
r
-garemos moZraobis siCqare, η -siblantis dinamikuri koeficien-
ti, F
r
-araeleqtruli warmoSobis Zalebi, romelTac momavalSi 
CavTvliT nulis tolad, ρ -garemos simkvrive, P -wneva. 
 (1.1.7) gantolebas emateba uwyvetobis gantoleba ukumSvadi 
siTxisaTvis 
     0=Vdiv
r
.    (1.1.8) 
mhd gantolebaTa sruli sistemis misaRebad aucilebelia 
zemoT moyvanili gantolebebi SevavsoT garemos mdgomareobis 
gantolebiT da Termodinamikuri damokidebulebebiT gadatanis 
koeficientebisaTvis, agreTve siTbogamtarobis gantolebiT. 
Cveulebriv hidrodinamikaSi moZrav uwyvet garemoSi siTbos 
gamoyofis meqanizmia kinetikuri energiis disipacia siblantis 
arsebobis gamo. mhd SemTxvevaSi, siTbogadacemis gantolebaSi 
aucilebelia agreTve gaviTvaliswinoT joulis siTbo, romelic 
gamoiyofa drois erTeulSi erTeulovani moculobis gamtar 
garemoSi. 
 magnitur velSi moZravi eleqtrogamtari ukumSvadi 
siTxisaTvis, T  temperaturis mcire gradientis dros, roca Seg-
viZlia ugulvebelvyoT temperaturuli cvlilebebi, η siblantis, 
κ -siTbogamtarobisa da vC -siTbotevadobis koeficientebisaTvis 
gantolebas eqneba Semdegi saxe: 
   
σ
Φ∆κρ
2j
TgradTV
t
T
CV ++=




 +
∂
∂ r
,  (1.1.9) 
    sadac  
2
2 






∂
∂
+
∂
∂
=
i
k
k
i
x
V
x
Vη
Φ .  
siTbogadacemis gantoleba SegviZlia CavweroT tempera-
turagamtarobis gantolebis saxiT, risTvisac (1.1.9) gantolebis 
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orive mxare unda gavyoT VCρ -ze da SemoviRoT temperatura-
gamtarobis koeficienti ( )VCk ρκ= . σ2j  wevri (1.1.9) gantole-
baSi aris joulis siTbo, romelic gamoiyofa izotropul gamtar 
garemoSi erTeul moculobaSi drois erTeulSi.  
 Tu gamoviyenebT (1.1.1), (1.1.2) da (1.1.3) gantolebebs da 
gamovricxavT j
r
 da E
r
-s, miviRebT  mhd gantolebaTa Semdeg 
sistemas 
 moZraobis gantoleba: 
  ( ) [ ]BjVgradPVgradV
t
V rrrrr
r
0
11
ρµ
∆λ
ρ
++−=+
∂
∂
,  (1.10) 
 uwyvetobis gantoleba: 
    0=Vdiv
r
,     (1.11) 
 temperaturagamtarobis gantoleba: 
   
σρ
Φ
ρ
∆
VV C
j
C
TkgradTV
t
T 21
++=+
∂
∂ r
,  (1.12) 
 omis kanoni: 
    [ ] BrotBVE rrrr
σµ0
1
+−= ,   (1.13) 
 induqciis gantoleba:   
    [ ] BBVrot
t
B rrr
r
∆
σµ0
1
+=
∂
∂
.     (1.14) 
   
maqsvelis gantolebebi:  
0=Bdiv
r
,              (1.15) 
         [ ]BVdive
rr
0ερ = ,        (1.16) 
         Brotj
rr
0
1
µ
= ,    (1.17) 
sadac 
ρ
η
λ = -siblantis kinematikuri koeficientia. (1.1.10-1.1.12) 
gantolebebSi gadatanis koeficientebi ar arian damokidebuli 
T -ze da ρ -ze. 
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 mhd gantolebaTaAsistema Seicavs sami tipis arawrfiv 
wevrebs. ( )VgradV rr -arawrfiv wevrs emateba [ ]BVrot rr -eleqtromagnituri 
induqcia da eleqtromagnituri Zala [ ]Bj rr01 µ . aqedan gamomdinare, 
mhd gantolebaTaA sistemis zusti, TviTSeTanxmebuli analizuri 
amonaxsnis miReba SeuZlebelia [5,7]. 
 Cveulebriv hidrodinamikaSi arsebul ganuzomel parame-
trebTan erTad, magnitur hidrodinamikaSi Cndeba axali paramet-
rebi, romelTac aqvT fizikuri azri mxolod gareSe magnitur 
velSi moZravi gamtari siTxisa an gazisaTvis. am parametrebis 
(msgavsebis ricxvebis) misaRebad saWiroa mhd gantolebebisA 
uganzomilebo formaze miyvana. pirvel rigSi aviRoT moZraobis 
gantoleba (1.1.10), romelSic j
r
 SevcvaloT misi gamosaxulebiT 
(1.1) gantolebidan da am gantolebaSi Semavali yvela cvladi 
sidide Semdegi saxiT gardavqmnaT 
  VVV ′=
rr
0 , PPP ′= 0 , BBB ′=
rv
0 , EEE ′=
rr
0 ,     (1.1.18) 
sadac 0V , 0P , 0B , 0E  arian  ganzomilebiani sidideebi,  V ′
r
, P′ , E ′
r
, 
B′
r
- uganzomilebo sidideebi. sigrZis masStabisaTvis aviRoT 
maxasiaTebeli sidide l , romelic damokidebulia amocanis kon-
kretul pirobebze. martivi gardaqmnebis Sedegad, (1.1.8)-is gamoye-
nebiT, (1.1.10) gantolebidan miviRebT: 
( )
[ ] [ ][ ]BBV
V
VB
BE
V
EB
V
V
Pgrad
V
P
VV
t
V
tV
′′′
ρ
σ
+
ρ
σ
+
+′∆
λ
+′
ρ
−=′∇+
′∂
′∂
rrrlrrl
r
l
rr
r
l
2
0
0
2
0
2
0
00
0
2
0
0
00
.       (1.1.19) 
 advili SesamCnevia, rom (1.1.19) gantolebaSi aris hidrodina-
mikuri msgavsebis Semdegi ricxvebi (kriteriumebi): 
00tVsh l= -struxalis ricxvi, romelic 1-is tolia, Tu 0t = 0Vl ;  
( )200 VPEu ρ= -eileris ricxvi;  
λ0VRe l= - reinoldsis ricxvi. 
 (1.1.19) gantolebaSi  bolo ori wevri warmovadginoT 
Semdegi saxiT: 
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0
00
2
00
2
0
2
0
00
B
E
V
B
V
EB ll σµ
ρµρ
σ
⋅= ,   002
00
2
0
2
0
2
00 V
V
B
V
BV
l
l
σµ
ρµρ
σ
⋅= .       (1.1.20) 
cxadia, rom 
2
00
2
0
V
B
ρµ
, 
0
0
0
B
E
lσµ , 00 Vlσµ -uganzomilebo sidideebia, 
radgan 
     [ ]0E =kgwm-3a-1, [ ]0B =kgwm-2a-1, [ ]σ =m-2kg-1wm3a2, [ ]ρ =kgm-3, [ ]0V =mwm-1. 
sidides, romelic axasiaTebs magnitur da dinamikur wnevebs 
Soris damokidebulebas, ewodeba alvenis ricxvi: 
   
2
00
2
0
V
B
S
ρµ
= .          (1.1..21) 
uganzomilebo sidides 
0
0
0
B
E
lσµ  SegviZlia vuwodoT reinoldsis 
eleqtruli ricxvi 
    
0
0
0
B
E
ReE lσµ= .          (1.1.22) 
aseve, SegviZlia SemoviRoT reinoldsis magnituri ricxvi 
    l00 VRem σµ=           (1.1.23) 
da magnituri velis difuziis (magnituri siblante) koeficienti 
σµ
ν
0
1
=m , romlis gamoyenebiT SesaZlebelia mRe  ricxvis sxva 
saxiT warmodgena 
    
m
m
V
Re
λ
l0= .            (1.1.24) 
miuxedavad mRe -is da Re -s garegnuli msgavsebisa, maTi 
fizikuri Sinaarsi gansxvavebulia: Re -gviCvenebs moZraobis 
gantolebaSi inerciis Zalasa da siblantis Zalebs Soris 
damokidebulebas, xolo mRe  axasiaTebs magnitur velze gamtari 
garemos zemoqmedebas. kerZod, moZraobisas damuxtuli siTxis 
mier xdeba magnituri Zalwirebis wartaceba. roca 1>>mRe , e.i. 
garemos eleqtrogamtaroba σ  Zalian didia, adgili aqvs gamtar 
siTxeSi (plazmaSi) magnituri velis `Cayinulobas”. es SemTxveva 
Zalian mniSvnelovania magnituri hidrodinamikis astrofizikuri 
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damatebisaTvis da maRaltemperaturuli plazmis fizikisaTvis 
[8,9]. 
roca mRe <<1, gamtari garemos moZraoba mkveTrad aRar 
moqmedebs magnitur velze, radgan denebi veRar moaxdenen 
magnituri velebis efeqturad inducirebas  [7]. 
zogierTi mhd amocanisaTvis mniSvnelovania agreTve sxva 
ganuzomeli parametrebi,  romlebic Cndebian (1.1.19) gantolebaSi. 
kerZod parametrs, romelic gviCvenebs eleqtromagnitur Zalasa 
da siblantes Soris damokidebulebas (fardobas), ewodeba 
hartmanis ricxvi   
   
21
0 







=
η
σ
BHa l .    (1.1.25) 
aseve, SegviZlia SemoviRoT stiuartis ricxvic, romelic 
axasiaTebs damokidebulebas eleqtromagnitur Zalasa da 
inerciis Zalas Soris: 
   
Re
Ha
f
f
N
2
21
=







=
in
el
.   (1.1.26) 
 
arsebobs kidev gamtari siTxis dinebis dinamikis maxasiaTe-
beli sxva ganuzomeli parametrebic, romlebic aq ar mogvyavs. 
zemoT moyvanili msjelobidan gamomdinare, (1.1.19) moZraobis 
gantoleba CavweroT cnobili ganuzomeli parametrebis daxma-
rebiT sustadgamtari siTxisaTvis, e.i. roca mRe <<1 da E
r
 ufro 
dabali rigisaa, vidre [ ]BV rr  
 
 ( ) [ ][ ]BBVSReV
Re
EugradPVV
t
V
m
rrrrrr
r
++−=∇+
∂
∂
∆
1
 , (1.1.27) 
 (1.1.12) temperatura gamtarobis gantolebis ugnzomilebo 
formaze gadasvlisas vRebulobT axal ganuzomel parametrs, 
prandtlis ricxvs  
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k
C
Pr V
λ
κ
η
== .    (1.1.28) 
prandlis ricxvi damokidebulia garemos Termodinamikul 
parametrebze. 
ganvsazRvroT agreTve prandtlis magnituri ricxvi 
   
Re
Re
Pr m
m
m == λ
λ
,    (1.1.29) 
romelic axasiaTebs meqanikuri energiis disipaciasa da eleq-
tromagnituri energiis disipacias Soris damokidebulebas. 
 
1.2 dedamiwis magnituri sasazRvro fena 
(magnitopauza) 
 
mzis qaris plazmis dinebis xasiaTi dartymiTi talRis 
frontis gavlis Semdeg arsebiTad icvleba, misi parametrebis 
naxtomiseburi cvlilebis gamo. kerZod, misi siCqare 
magnitosferos Subla wertilis mimdebare areSi bgeramdeli 
xdeba. magnitosferos mhd garsdenis specifikuri xasiaTis 
Sedegad SesaZlebelia, rom mzis qaris gazodinamikuri energia 
gardamaval areSi imdenad Semcirdes, rom misi magnituri 
energiis Tanazomadi gaxdes. amitom, uSualod magnitosferos 
sazRvris siaxloves, magnitopauzasTan mijriT, SeiZleba 
Camoyalibdes magnituri jebiri, romlis intensivobisaTvis mzis 
qarSi Cayinuli saplanetaTaSoriso magnituri velis (smv) 
sidides mniSvneloba ara aqvs. gardamavali aris am nawilSi  
SeiZleba gansakuTrebiT gaZlierdes  smv-s mastabilizirebeli 
roli, ris gamoc mzis qaris turbulenturi dineba laminaruli 
dinebisaTvis damaxasiaTebel Tvisebebs SeiZens. gardamaval areSi 
dinebis turbulenturi reJimis laminarulze cvlilebis mhd 
kriteriumebi gamoyenebuli iyo naSromSi [10], romelSic ganxi-
luli iyo  smv-s, rogorc dinebis mastabilizirebeli faqtoris, 
efeqturobis sakiTxi. aqve moxda agreTve plazmuri garemos maxa-
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siaTebeli dinamikuri da kinematikuri siblantis koeficientebis 
cvlilebaTa SesaZlebeli diapazonis Sefaseba iseT miaxloebaSi, 
roca iTvleba, rom siblantes ganapirobebs protonuli 
komponentis mier plazmis sxvadasxva fenebs Soris gadatanili 
impulsi. Tanaxmad Sefasebebisa, magnitosferos gardamaval areSi 
damuxtuli nawilakebis Tavisufali ganarbenis sigrZe proto-
nebis giroradiusis toli unda iyos. aseTi sidide ki uaxlov-
deba plazmaSi msxvilmasStabovani turbulizaciis gamo warmoqm-
nil mezobel grigalebs Soris manZils. amitom, fizikurad 
gamarTlebulia daskvna, rom gardamaval areSi dinebis 
struqturis laminarizaciis gamo, nawilakebis Tavisufali 
ganarbenis sigrZe ganisazRvreba mzis qaris plazmaSi arsebul 
mcirericxovan magnitur grigalebze protonebis gafantvis 
efeqtiT. am daskvnas mohyva umniSvnelovanesi Sedegi: magnito-
sferos gardamaval areSi aucileblad unda Seicvalos mzis 
qaris eleqtruli gamtareblobis xasiaTi. anomaluri winaRobis 
sagdeevis Teoriis Seqmnamde gardamaval areSi mzis qaris 
eleqtruli gamtareblobis sididis gansazRvrisaTvis yvelaze 
Sesaferisad miCneuli iyo betCeloris Teoria, romelic kargad 
esadageba gaiSviaTebul plazmas da iTvaliswinebs im Seswore-
bebs, romlebic Seaqvs kulonur urTierTqmedebebSi gareSe 
magnitur vels. 
 gardamavali aris im nawilSi, romelic uSualod ekvris 
magnitosferos sazRvars, dedamiwis magnitur sasazRvro fenaSi, 
anu magnitopauzaze, SeiZleba ganviTardes mxolod am struqturi-
saTvis damaxasiaTebeli fizikuri efeqtebi. maTi mizezia,  
plazmaSi disipaciuri meqanizmebis gaZlierebis garda, mzis qaris 
mier magnitosferos garsdenis mhd Taviseburebebi. kerZod, 
gansakuTrebiT mniSvnelovania magnitopauzis maxasiaTebeli  
xazovani parametrebis fardoba (sisqe sigrZesTan), romelic, 
nebismieri sasazRvro fenis msgavsad, erTze gacilebiT ufro 
naklebi sidide unda iyos, rac ganapirobebs magnitopauzaze 
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magnituri velisa da dinebis fizikuri maxasiaTeblebis 
mniSvnelovani sivrculi gradientebis arsebobas. 
eqsperimentaluri monacemebis Tanaxmad, magnitosferos 
dRis mxares magnitopauzis sisqe 100km-s rigisaa da praqtikulad 
ar aRemateba 500km-s [11]. radganac magnitopauzaze moZrav plazmas 
sasruli eleqtruli gamtarebloba gaaCnia, Cndeba garemos 
magnituri siblantiT operirebis SesaZlebloba, ris gamoc 
logikurad sabuTdeba analogia magnitopauzasa da myari 
damagnitebuli zedapiris kargad gamtari garemoTi garsdenis 
procesSi warmoqmnil magnitur sasazRvro fenas Soris [12]. 
erTaderTi principuli gansxvaveba, rogorc sCans, mdgomareobs 
imaSi, rom myari sxeulis magnituri sasazRvro fenis Sida 
sazRvari emTxveva sxeulis zedapirs, romelic magnitosferos 
zedapirisagan gansxvavebiT, sivrceSi dafiqsirebulia da ar 
ganicdis sistematur SeSfoTebebs. naSromSi [13] dedamiwis 
magnituri velis sasazRvro fenis modelirebisaTvis pirvelad 
iqna gamoyenebuli I da II gvaris brtyeli magnituri fenis 
gantolebebi, romlebic Seesabamebian magnitosferos or mTavar, 
meridionalur da ekvatorialur kveTebs.  
maTematikuri TvalsazrisiT, sasazRvro fenebi Cveulebriv 
warmoiqmneba iseTi diferencialuri gantolebebis amoxsnisas, 
romelTac gaaCniaT mcire parametri yvelaze maRali rigis 
warmoebulis Semcvel wevrTan. magaliTad: navie_stoqsis 
gantolebebSi es parametria kinematikuri siblantis koeficienti, 
magnituri induqciis gantolebaSi _ magnituri siblante, 
siTbogamtareblobis gantolebaSi – temperaturagamtareblobis 
koeficienti. sasazRvro fenis amocanaTa amosaxsnelad ganviTar-
da specialuri mZlavri maTematikuri aparati, romelic saTaves 
prandtlis blanti fenis Teoriidan iRebs da eyrdnoba 
asimptotikuri amoxsnebis gadakervis princips sasazRvro fenisa 
da ZiriTadi garemos gamyof sazRvarze. prandtlis ideis 
Tanaxmad, sasazRvro fenis gareT mcire parametri SeiZleba nuls 
gavutoloT, ris gamoc ZiriTad areSi samarTliania 
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Semoklebuli gantolebaTa sistema, romlis amoxsnac gacilebiT 
martivdeba. TviT sasazRvro fenaSi saWiroa gadasvla axal 
cvladebze da calkeuli wevrebis Sefaseba mcire parametrTan 
myofi wevris mimarT. es xerxi, Tavis mxriv, kidev ufro 
amartivebs sasazRvro fenis Sesabamis gantolebaTa sistemas, 
romlis amoxsnac (Tuki aseTi arsebobs) unda TanxmobaSi iyos 
ZiriTadi, SeuSfoTebeli dinebisaTvis miRebul amoxsnasTan. xSir 
SemTxvevaSi, aseTi sqema iZleva saSualebas warmatebiT amoixsnas 
sasazRvro fenis amocana, ama Tu im zusti Tu miaxloebiTi 
analizuri meTodiT. cxadia, rom gamoTvliTi teqnikis Tanamed-
rove done principulad dasaSvebs xdis agreTve sasazRvro fenis 
gantolebaTa sistemis efeqturi ricxviTi amoxsnebis miRebis 
SesaZleblobasac, Tumca, aqac saWiroa gamamartivebeli daSvebebi. 
kerZod, zogadi saxiT sasazRvro fenis Sesabamisi diferencialu-
ri gantolebebi imdenad rTulia, rom maTi pirdapiri ricxviTi 
amoxsna dakavSirebulia metad maRali simkvrivis sivrculi badis 
gamoyenebasTan, raTa sasazRvro fenaSi rac SeiZleba meti 
saTvleli wertili moxvdes. 
kosmosuri energiiT magnitosferos kvebis gareSe SeuZle-
beli iqneboda mis SigniT mimdinare fizikuri procesebis energe-
tikuli uzrunvelyofa da magnitosferos mTavari funqciis, 
rogorc dedamiwaze organuli bunebis warmomqmnelisa da sasi-
cocxlo procesebis damcavi faris, efeqturi moqmedeba.  mzis 
qari, dedamiwis magnitosfero da ionosfero ayalibeben erTian 
sistemas, romlis SigniTac mimdinareobs energiis uwyvetad 
gadacema mzis qaridan magnitosferosaken. am procesis warmarT-
visaTvis gansakuTrebuli mniSvnelobis mqone area dedamiwis 
magnituri sasazRvro fena, romelsac axasiaTebs erTi specifika, 
dakavSirebuli smv-s arsebobasTan: miuxedavad imisa, rom mzis 
qaris mier transportirebuli magnituri velis energia gacile-
biT ufro mcirea mis kinetikur energiasTan SedarebiT, mas, zog 
SemTxvevaSi, mniSvnelovani koreqtivebi Seaqvs magnitosferos 
energomomaragebis erTian suraTSi.  
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magnitosferos zedapirs saSualod ecema 1020-1022 ergi/wm 
energetikuli simZlavris mqone korpuskularuli nakadi, 
romelic ZiriTadad mzis qaris nawilakebs warmoadgens. amas 
emateba kosmosidan mosuli eleqtromagnituri gamosxivebis ener-
giis nakadi, romelic relativisturia da Sedgeba gama-qvantebi-
sagan. jamSi magnitosferos mier miRebuli mTliani energia 
ramdenime rigiT aRemateba mzis qaris nawilakebis mier magnito-
sferosTvis gadacemul energias. garda amisa, mzis qaris 
nawilakebi warmoadgenen magnitosferos SigniT CaWerili 
damuxtuli nawilakebis ZiriTad wyaros. rac gansakuTrebiT 
arsebiTia, rom ar yofiliyo mzis qari, dedamiwis magnituri 
velis dipoluri konfiguracia kosmosur sivrceSi usasrulod 
gavrceldeboda. Tu uxeS meqanikur Sedarebas moviSveliebT, mzis 
qaris zemoqmedeba dedamiwis magnitosferoze SeiZleba Semdegi 
analogiis saSualebiT warmovidginoT: vTqvaT, dedamiwis magnito-
sfero warmoadgens haerbuSts, romelSic CavWirxneT haeri. 
dedamiwaze buSti sasrulo zomisaa da mis zedapirze myardeba 
Sida da gare wnevebis balansi, buStis zedapiruli daWimulobis 
Zalis gaTvaliswinebiT. magnitosferos SemTxvevaSi wneva buStis 
garedan asocirdeba mzis qaris gazodinamikur wnevasTan. 
warmovidginoT, rom gaberili buSti movaTavseT vakuumSi da 
CavTvaloT, rom gamoricxulia misi gaskdoma. maSin vakuumSi, 
romelic mxolod mixloebiT Seefereba kosmosur sivrces, buSti, 
anu magnitosfero, usasrulobamde gaibereboda. magram, 
magnitosfero moTavsebulia ara vakuumSi, aramed metad 
gaiSviaTebul moZrav korpuskularul garemoSi, mzis qarSi. es 
absoluturad ionizirebuli plazmuri substancia warmoadgens 
zegamtar garemos, romelsac Tan moaqvs Cayinuli 
saplanetaTaSoriso (ufro zustad, mzis) magnituri veli. 
yovelive amis Sedegad dedamiwis magnitosferos dRisa da Ramis 
mxareebi, romlebic formiT absoluturad identuri unda 
yofiliyvnen, realurad warmoadgenen sxvadasxva formis sivrcul 
magnitur struqturebs. magnitosfero waagavs xoWos, romlis 
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Tavic warmoadgens dRis mxares, anu Caketili magnituri 
ZalwirebiT SemosazRvrul magnitur zedapirs, xolo xoWos 
sxeulia magnitosferos Ramis mxare, anu rogorc mas sxvanairad 
uwodeben, kudi (nax.1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
dRis mxareze SenarCunebulia SeWyletili dipolisaTvis 
damaxasiaTebeli forma, maSin roca magnitosferos kudis 
SemomsazRvreli Zalwirebi mxolod cali mxridan arian 
damagrebuli magnituri polusebis areSi da miemarTebian 
usasrulobisaken mzisgan sawinaaRmdego mimarTulebiT. Tumca, 
magnitosferos Ramis mxarezec arsebobs dipoluri magnituri 
struqtura, e.w. plazmosfero, romelic praqtikulad ar gansxvav-
deba dRis mxareze arsebuli analogiuri struqturisagan  [14]. 
magnitosferos kudis formirebaSi gansakuTrebul rols 
TamaSoben eleqtromagnituri efeqtebi, romlebic damaxasiaTe-
belia Zalian maRali eleqtruli gamtareblobis mqone damagnite-
buli plazmuri garemosaTvis. am faqts pirvelma miaqcia yurad-
Reba danJim, romelmac Seqmna daxuruli da Ria magnitosferos 
modelebi. pirvel mdgomareobaSi ar xdeba dedamiwis magnituri 
velis urTierTqmedeba mzis qarSi Cayinul saplanetaSoriso 
Fmagnitopauza: 
 fokaluri are 
plasmosfero 
magnitopauza 
Ggardamavali are 
mzis qari 
nax.1. 
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magnitur velTan, xolo meore modelSi aqsiomaturad daSvebu-
lia am velebis urTierTqmedeba, romlis Sedegadac xdeba 
saplanetaTaSoriso magnituri velis Zalwirebisa da dedamiwis 
magnituri velis Zalwirebis gadaerTeba. ar unda Segviyvanos 
SecdomaSi im faqtma, rom magnituri Zalwiri miekuTvneba fiqtiur 
fizikur kategoriaTa rigs. magnituri konfiguraciebis arsebobis 
SemTxvevaSi magnituri Zalwiri iZens realur fizikur Sinaarss 
da misi saSualebiT operireba sruliad gamarTlebulia. 
magnitosferos danJiseul modelSi bunebrivad Cndeba mzis 
qaridan magnitosferosaTvis plazmis korpuskularuli energiis 
gadamcemi arxebi, radganac zegamtar garemoSi plazmis 
nawilakebi mibmulia magnitur Zalwirebze. aqedan gamomdinare, 
Tu moxdeba smv-sa da dedamiwis magnituri velis Zalwirebis 
gadaerTeba, anu, formalurad, Zalwiris erTi bolo iqneba mzeze, 
xolo meore iqneba dedamiwaze, mzis qaris nawilakebs SeuZliaT 
SemoaRwion magnitosferos SigniT. ra aris saWiro Zalwirebis 
gadaerTebis efeqtis ganviTarebisaTvis? sruliad sakmarisia sad-
me magnitosferos sazRvarze antiparaleluri mimarTulebebis 
mqone smv-sa da dedamiwis magnituri velis kontaqti. Ria 
magnitosferos Teoriis Semdgomma gaRrmavebam moiTxova Zalwi-
rebis gadaerTebis maqsimalurad savaraudo adgilebis gamoyofa 
magnitosferos sazRvarze da, rac arsebiTia, am adgilebSi mzis 
qaris plazmis zegamtari bunebis cvlileba sasrulis mimar-
TulebiT. zegamtar garemoSi adgili aqvs magnituri velebis 
drekadi ukugdebis efeqts, miuxedavad imisa, Tu rogor arian 
urTierTmimarTulni sxvadasxva wyaros  Zalwirebi [15].  
davubrundeT Caketili magnitosferos models, romelic 
erTi SexedviT, praqtikulad gamoricxavs mzis qaris energiis 
gadacemas magnitosferos SigniT. marTlac, zegamtar mzis qarSi 
smv-s ZalwirebTan miwepebuli mzis qaris nawilakebi  magnito-
sferos sazRvrisagan  unda gahyvnen Sesabamis Zalwirs da gas-
rialdnen magnitosferos zedapirze. aseT SemTxvevaSi magnito-
sferos energetikuli momaragebis sakiTxi Riad rCeba, Tu ar iqna 
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moSveliebuli energiis gadacemis raime sxva meqanizmi, Zal-
wirebis gadaerTebis garda. aqsfordma da hainsma Camoayalibes 
mzis qarisa da dedamiwis magnituri velis kvaziblanti 
urTierTqmedebis Teoria, romelmac  daZlia is winaaRmdegobebi, 
romlebic warmoiqmna danJis daxuruli magnitosferos modelSi. 
am Teoriis fizikuri arsi gamomdinareobs daSvebidan, rom 
magnitosferos sazRvarze  mzis qarsa da dedamiwis magnitur 
vels Soris xdeba iseTi tipis urTierTqmedeba, rogoric 
arsebobs myari sxeulis siTxiT an gaziT garsdenis dros. am 
procesis xasiaTi gamovlinebas poulobs blanti urTierT-
qmedebiT gamowveul efeqtebSi, romelTa Sedegia garsdenadi 
sxeulis Sinagani energiis cvlileba misTvis urTierTqmedebis 
aridan siTxis energiis gadacemis xarjze. aseTi TvalsaCino 
fizikuri hipoTezis miuxedavad im droisaTvis, roca Seiqmna 
aqsford-hainsis modeli, mis mimarT kritikuli midgoma Camo-
yalibda. maSin bevrs warmoudgenlad eCveneboda, Tu ranairad 
SeiZleba gauCndes siblante iseT metad gaiSviaTebul garemos, 
rogoricaa mzis qaris plazma. marTlac, Zneli warmosadgeni iyo, 
rom garemoSi romelSic ori nawilakis dajaxebis maxasiaTebeli 
manZili erTi astronomiuli erTeulia, SesaZlebelia meqanikuri 
siblantis arseboba. magram, es winaaRmdegoba  gaqreba  im 
SemTxvevaSi, Tu mzis qars dedamiwis magnitosferos maxloblad 
Seecvleba eleqtruli gamtareblobis buneba zegamtaridan 
sasrulisaken. pirvel rigSi, aseT SemTxvevaSi Cndeba mzis 
qaridan magnitosferoSi stacionaruli magnituri nakadis 
SeRwevis SesaZlebloba, romlis energia gacilebiT ufro 
aRemateba magnitosferos sazRvarze plazmisa da magnituri 
velis wminda blanti urTierTqmedebis energias. aRmoCnda, rom 
eleqtruli gamtareblobis xasiaTis cvlilebas iTxovs agreTve 
danJis Ria magnitosferos modelic, magram, unda davamatoT, rom 
sasruli gamtareblobis mqone garemoSi, magnituri velis 
Zalwirebis gadaerTebis SeasZleblobasTan erTad, arsebobs 
agreTve magnituri velis Zalwirebis anihilaciis Tana-
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barZalovani albaTobac. ukanaskneli efeqti aSkarad disipaciuri 
bunebisaa da srul TanxmobaSia aqsford-hainsis modelTan. 
Semdgomma kvlevebma aCvena, rom damoukideblad ar arsebobs 
rogorc Zalwirebis anihiacia, aseve maTi gadaerTeba. orive es 
efeqti faqtiurad warmoadgens erTi da igive fizikuri procesis 
or mxares, romelTa ganviTarebac damokidebulia sxvadasxva 
winmswrebi fizikuri faqtorebis lokalur dominantze [3,14]. 
sad aris mzis qarisa da dedamiwis magnituri velis 
urTierTqmedebis is are, saidanac maqsimalurad albaTuria 
dedamiwis magnituri velis mzis qaris plazmis nakadis energiiT 
momarageba? am kiTxvaze calsaxa pasuxi ukve didi xania arsebobs. 
es are warmoadgens sivrces dedamiwis magnitosferos win 
arsebuli dartymiTi talRis frontsa da magnitosferos 
sazRvars Soris. sivrcis am nawils ewodeba gardamavali are, anu 
are, romlis SigniT mzis qaris plazmis dinebas bgeramdeli 
xasiaTi aqvs da misi Termodinamikuli maxasiaTeblebi mkveTr 
cvlilebas ganicdian. formalurad, gardamavali are arsebobs 
magnitosferos mTel sazRvarze, magram misi dRis mxare 
gansakuTrebulia, radganac swored aq xdeba mzis qaris mkveTri 
damuxruWeba da plazmis dinebis msxvilmaStabovani suraTis 
araerTgvarovnebis gamokveTa, rac dakavSirebulia magnitosferos 
zedapirze kritikuli wertilis arsebobasTan. dedamiwis magnito-
sferos dRis mxareze, nebismieri gluvi zedapiris garsdenis 
msgavsad, aucileblad unda arsebobdes kritikuli wertili, 
romelSic mzis qaris hidrodinamikuri siCqare nulis tolia 
[3,13,14,16]. magnitosferos kritikuli wertilidan plazma moZraobs 
misi sazRvris gaswvriv, fokaluri aridan periferiebisaken. es 
moZraoba, Tu kvlav moviSveliebT analogias magnitosferos 
garsdenasa da myari zedapiris gazodinamikur garsdenas Soris, 
unda mimdinareobdes ise, rom plazmis siCqare magnitosferos 
sazRvaris gaswvriv unda izrdebodes nulidan (siCqaris sidide 
kritikul wertilSi) iseT mniSvnelobamde, romelic magneto-
sferosTan urTierTqmedebamde mzis qaris siCqaris sididis 
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Tanazomadi unda iyos. Tu analogias gavagrZelebT, unda 
ganvixiloT agreTve magnitosferos sazRvarze dinamikuri da 
magnituri sasazRvro fenebis warmoqmnis SesaZleblobac.  
cnobilia, rom Tu garsdenadi sxeulis zedapirze 
sruldeba siTxis an gazis nawilakebis mikvris piroba, 
zedapirTan axlos aucileblad Camoyalibdeba blanti sasazRvro 
fena. am fenis ganivi xazovani masStabi ganisazRvreba garsdenadi 
sxeulis zedapiris araerTgvarovnebis grZivi masStabiT, siTxis 
an gazis maxasiaTebeli siCqariT da meqanikuri siblantis 
koeficientiT [17]. mzis qaris SemTxvevaSi, romelic warmoadgens 
gansakuTrebiT gaiSviaTebul, praqtikulad aradajaxebad 
plazmas, SeiZleba ugulvebelvyoT  Cveulebrivi sasazRvro fenis 
efeqti da magnitosferos sazRvarze plazmis moZraoba 
gavaigivoT idealuri gazis moZraobasTan. samagierod, radganac 
mzis qars dartymiTi talRis frontsa da magnitosferos 
sazRvars Soris gardamaval areSi uCndeba magnituri siblante, 
fizikurad gamarTlebulia dedamiwis magnituri sasazRvro fenis 
mcnebis Semotana. gasakviria, rom dedamiwis magnituri fenis 
gaigiveba magnitopauzasTan moxda ara magnitosferos 
Tanamedrove Teoriis safuZvlebis Camoyalibebis Tanadroulad, 
aramed TiTqmis ori aTwleulis dagvianebiT. Tavidan 
magnitopauza iTvleboda sivrcis im ared, romelSic xdeboda 
dedamiwis magnituri velis ekranireba mzis qaris mier. aseTi 
formulireba logikurad gulisxmobs, rom Tu mzis qaris plazma 
idealurad gamtari ar aris, magnitopauza unda iyos sasruli 
sisqis. aqedan gamomdinare, is marTlac unda warmoadgendes 
gardamaval fenas dedamiwis magnitur velsa da gardamaval areSi 
moZrav plazmas Soris. amitom idea, rom Jiguliovis magnituri 
sasazRvro fenebis gantolebaTa sistema Sesaferisia 
magnitopauzis maTematikuri modelirebisaTvis, gamoTqmuli  
krimskisa da romaSCenkos mier, sruliad samarTliania. sxva 
saqmea, rom maT ver monaxes plazmis hidrodinamikuri dinebis 
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iseTi modeli, romelic Sesaferisi iqneboda iseTi specifiuri 
warmonaqmnisaTvis, rogoricaa magnitopauza [13]. 
arsebobs brtyeli magnituri sasazRvro fenis ori tipi: I 
da II gvaris, romelTa Soris gansxvaveba gamowveulia garsdenad  
zedapirze magnituri velis daZabulobisa da hidrodinamikuri 
siCqaris veqtorebis urTierTmimarTebaSi [12]. aSkaraa, rom 
gansxvaveba magnitur sasazRvro fenebs Soris, romlebic 
sivrceSi erT struqturas warmoadgenen, maTematikuri xasiaTisaa 
da mas ara aqvs gansakuTrebuli fizikuri safuZveli. amitom 
migvaCnia, rom im SemTxvevaSi, Tu SesaZlebeli iqneba magnituri 
sasazRvro fenis gantolebebis koreqtuli amoxsna, magaliTad, 
cilindrul koordinatTa sistemaSi, ise rom ar iyos 
maTematikuri sirTuleebis mosaxsnelad gakeTebuli daSvebebis 
saWiroeba, orive tipis sasazRvro fena gaerTiandeba erT 
sasazRvro fenaSi. aq faqtiurad vawydebiT sivrculi sasazRvro 
fenis problemas, romelic arsebobs Cveulebriv hidrodinamikaSi 
da kidev ufro rTuldeba mhd SemTxvevaSi. aseTi Sexeduleba 
saeWvos ar xdis brtyeli sasazRvro fenis farglebSi miRebul 
Sedegebs, magram gulisxmobs, rom sivrculi sasazRvro fenis 
suraTi moicavs iseT damatebiT elementebs, romlebic saWiroebs 
koreqtul fizikur axsnas. magnitosferuli magnituri sasazRvro 
fenebis SemTxvevaSi es niSnavs, rom pirvel rigSi unda 
gansazRvruli iyos sivrceSi ori gvaris sasazRvro fenebis 
gadakervis adgilebi. fizikuri warmodgenidan gamomdinare, aseTi 
adgilebis arseboba gardauvalia, xolo gadakervis operaciis 
koreqtuloba damokidebulia im modelur daSvebebze, romlebic 
gamoyenebulia ama Tu im meTodiT brtyeli sasazRvro fenis 
gantolebebis amoxsnisas. realur situaciasTan amonaxsnis 
adeqvaturobas mniSvnelovanwilad gansazRvravs plazmis dinebis 
msxvilmaStabovani hidrodinamikuri moZraobis siCqaris veli, 
romelic magnitosferos garsdenis SemTxvevaSi, rogorc wesi, ar 
iTvaliswinebs magnituri velis  ukuqmedebas siCqareTa velze [3]. 
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rogorc ukve aRvniSneT, garkveuli topologiuri 
gansxavavebis miuxedavad, orive tipis magnituri sasazRvro fenis 
mTavari maxasiaTebelia maTSi disipaciuri efeqtis arseboba, 
romelsac, Cveulebrivi siblantis msgavsad, mhd SemTxvevaSi 
iwvevs magnituri siblante. rogorc naCvenebi iqneba II Tavis 
pirvel paragrafSi, es parametri mzis qars yovelTvis gaaCnia, 
miuxedavad misi dabali simkvrivisa da mis mier 
transportirebuli smv-s mcire intensivobisa. amitom, smv-s 
mastabilizirebeli gavlena mzis qaris moZraobaze SedarebiT 
sustia, ris gamoc, Tu mkacrad vimsjelebT, magnitosferos dRis 
mxareze gardamavali aris zomis mqone mcire sivrcul 
masStabebSi plazma turbulentur garemos unda miekuTvnos. 
turbulentobis efeqti magnitosferosTan urTierTqmedebamde 
SeiZleba ugulvebelyofili iyos da saplanetaTaSoriso 
sivrceSi mzis qari CaiTvalos idealurad gamtar garemod. 
situacia icvleba magnitosferos gardamaval areSi, sadac, 
nebismieri ionizirebuli gazis msgavsad, mzis qarSi adgili aqvs 
koleqtiur urTierTqmedebebs da disipaciur procesebs. amitom, 
miuxedavad imisa, rom disipaciuri efeqti gardamaval areSi 
raodenobrivad arc Tu ise didia,  mainc ar SeiZleba misi 
ugulvebelyofa, gansxvavebiT saplanetaTaSoriso sivrcisagan. 
rogorc viciT, mzis qarSi SeiZleba arsebobdnen 
mniSvnelovani sivrculi zomebis mqone lokaluri araerTgva-
rovnebebi, magnituri Rrublebi, romelTac SeiZleba gaaCndeT, 
smv-sTan SedarebiT, sakmaod Zlieri spontanuri magnituri 
velebi. aseTi araerTgvarovnebebi, SedarebiT mcire sivrculi 
masStabebiT arseboben agreTve gardamaval areSic. isini aqtiur 
areebad arian miCneulni, maTSi mimdinare procesebis mniSvnelo-
bis gamo. aseTia, magnitopauza, kritikuli wertilis Semcveli 
fokaluri are da polaruli kaspebi. gardamavali aris sxva 
nawilebs SeiZleba vuwodoT pasiuri areebi. 
amrigad, msgavsad mzis qarSi arsebuli araerTgvarov-
nebebisa, samarTliania magnitopauzasac ewodos aqtiuri are, 
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magnitosferosTan SedarebiT, xolo nebismier sxva aqtiur warmo-
naqmns, sasazRvro fena [18]. 
msgavsad sxva sasazRvro fenebisa, dedamiwis magnituri 
sasazRvro fenac hyofs erTmaneTisagan or, arsebiTad gansxvave-
buli parametrebis mqone, sivrcul struqturas: Zlieri magnitu-
ri velis (dedamiwis magnituri veli) lokalizaciis ares da 
swrafad moZrav dabali simkvrivis plazmas (mzis qari). kosmo-
suri dakvirvebebis ganviTarebamde iTvleboda, rom plazmur 
garemoSi warmoqmnili sasazRvro fenebi, turbulentobisa da 
araerTgvarovani moZraobebis gamo, swrafad unda gamqraliyvnen, 
anu maT arsebobas unda hqonoda spontanuri xasiaTi. realurad 
ki sawinaaRmdego aRmoCnda, radganac, rogorc wesi, kosmosuri 
sasazRvro fenebi, gansakuTrebiT ki dedamiwis magnituri sasazR-
vro fena, myar struqturul warmonaqmnebs warmoadgenen, romel-
Ta parametrebic garkveul stabilurobas iCenen mzis qaris 
parametrebis permanentuli cvlilebis mimarT. amaSi gansakuT-
rebul rols TamaSobs gardamavali are dedamiwis magnitur 
velsa da dartymiTi talRis fronts Soris, romelSic plazmis 
dinebis reJimi ganisazRvreba mzis qaris mhd da Termodinamikuri 
parametrebiT, agreTve masSi Cayinuli smv-s mimarTulebiTa da 
intensivobiT. 
magnituri sasazRvro fenis gantolebebi miiReba dinami-
kuri sasazRvro fenis gantolebebis msgavsad. oRondac dinami-
kuri sasazRvro fenis SemTxvevaSi  msgavsebis ganuzomeli para-
metria Cveulebrivi reinoldsis ricxvi, xolo magnituri sasazR-
vro fenisaTvis _ magnituri reinoldsis ricxvi, romelic Cndeba 
induqciis gantolebaSi meore rigis sivrcul operatorTan 
(laplasianTan). magnituri sasazRvro fenis generaciis kriteriu-
mia piroba: 1>>mRe . 
meore Tavis bolo paragrafSi warmodgenili iqneba 
originaluri Sedegebi, romlebic miRebulia Svecis mimdevrobiTi 
miaxloebis meTodiT I gvaris magnituri sasazRvro fenis 
arastacionaruli `magnituri” gantolebis amoxsnis Sedegad.  
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geomagnituri dipolis konfiguraciidan gamomdinare, pirveli 
gvaris magnituri sasazRvro fena magnitosferos dRis mxareze, 
meridionaluri magnitopauzis garda, Seesabameba sasazRvro 
fenas polaruli kaspis nebismier kveTaSi.  magnituri sasazRvro 
fenis “magnituri” gantolebis amosaxsnelad aucilebelia 
amocanis Sesabamisi  dinamikuri suraTis gansazRvra, risTvisac 
gamoyenebuli iqneba parkeris cnobili kinematikuri modeli. 
oRondac, unda gaviTvaliswinoT, rom identuroba 
dabalganedovan meridionalur magnitopauzasa da polaruli 
kaspis sasazRvro fenas Soris Seexeba mxolod maTematikur 
gamosaxulebebs, ramdenadac gardamavali aris am nawilebSi 
plazmis dinebis struqtura  principulad gansxvavebulia. 
      I gvrix  magnituri sasazRvro fenis gantolebebis zogadi 
saxe:           
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sadac u , xH  da v , yH  siCqarisa da magnituri velis ganivi da 
gaswvrivi mdgenelebia, P -dinamiuri wneva, pi82H -magnituri wneva. 
raTa ganvasxvavoT magnituri veli mzis qarSi da magnitopauzaze, 
ukanasknelisaTvis gamoyenebulia aRniSvna H
r
. 
(1.2.1)-(1.2.5) unda daematos uwyvetobis gantoleba. ukumSvadi 
plazmisaTvis gveqneba 
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1.3 Svecis mimdevrobiTi miaxloebis meTodi 
 rogorc naCvenebi iyo am Tavis pirvel paragrafSi, 
magnituri sasazRvro fenis gantolebaTa sistema warmoadgens 
Cveulebrivi sasazRvro fenis Sesabamisi maTematikuri aparatis 
ganzogadoebas gareSe magnitur velSi moTavsebuli gamtari 
siTxis an gazisaTvis (plazma). amitom, SeiZleba CavTvaloT, rom 
magnituri sasazRvro fenis SemTxvevaSi adgili aqvs Cveulebrivi 
sasazRvro fenis gantolebaTa sinTezs maqsvelis gantolebebTan, 
romlebic gansazRvraven gamtar garemoSi warmoqmnili eleqtro-
magnituri efeqtebis xasiaTs. 
 nebismieri tipis Cveulebrivi Tu mhd sasazRvro fenis 
miaxloebaSi zusti analizuri amoxsnis miReba, martivi SemTxve-
vebis garda, rTul maTematikur problemas warmoadgens. 
cnobilia aseTi zusti amoxsnebis  mcire raodenoba, romlebic 
samarTliania mxolod garkveuli gamamartivebeli pirobebis 
arsebobisas. magram, gamamartivebeli daSvebebi, rogorc wesi, 
zRudaven nebismieri garsdenis amocanis zogadobas. zusti 
amoxsnis mqone amocanaTa klasSi gansakuTrebulia blaziusis 
brtyeli naxevrad usasrulo firfitis stacionaruli siTxis 
nakadiT garsdenis amocana, romlis amoxsnac miekuTvneba 
hidrodinamikis klasikur Sedegebs. am amoxsnas avtomodeluri 
xasiaTi gaaCnia, e.i. emorCileba msgavsebis principebs, rac 
niSnavs, rom masStaburi gardaqmniT maTematikuri Sedegebi ar 
icvleba [19,20]. 
sazogadod, avtomodelobis Tviseba damaxasiaTebelia mxo-
lod zogierTi gamartivebuli hidrodinamikuri amocanisaTvis, 
rac nebismieri axali analizuri amonaxsnis faseulobas 
gansakuTrebiT zrdis. miuxedavad garkveuli analogiebisa, 
romlebic zogjer SeimCneva  hidrodinamikur da 
magnitohidrodinamikur amocanas Soris, mhd SemTxvevaSi 
avtomodelobis principi xSirad irRveva. Tumca, rogorc 
aRmoCnda, avtomodelobis darRveva zogjer praqtikulad 
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mosaxerxebelia. magaliTad, dedamiwis magnituri  sasazRvro 
fenis modelirebis dros [3]. 
        amrigad, mhd sasazRvro fenebis gantolebebis zusti 
amoxsna gansakuTrebuli sirTulis problemaa, miuxedavad imisa, 
rom sxvadasxva procesebis maxasiaTebeli ganuzomeli paramet-
rebis Semotana, rogorc wesi, mniSvnelovnad amartivebs sawyis 
gantolebebs. aseTi gziT SesaZlebelia samganzomilebiani 
amocanebis brtyel amocanebze dayvana. amis klasikuri magaliTia 
brtyeli magnituri sasazRvro fenis gantolebebi, romelTa 
safuZvelia magnituri induqciisa da gamtari siTxis moZraobis 
(navie-stoqsis gantolebis mhd modifikacia) samganzomilebiani 
gantolebebi. yovelmxriv koreqtuli, absoluturad dasabuTe-
buli fizikuri analizis Sedegad Jiguliovma Seqmna I da II 
gvaris brtyeli magnituri sasazRvro fenebis Teoria, romlis 
gantolebebi organzomilebiania. garda amisa, gamartiveba agreTve 
Seexo eleqtromagnitur efeqtebsac, romlebic viTardeba 
garsdenadi zedapiris maxloblad. aRmoCnda, rom II gvaris 
magnitur sasazRvro fenaSi gamtari garemos moZraoba emorCileba 
Cveulebriv, da ara magnitur hidrodinamikas. es niSnavs, rom am 
SemTxvevaSi adgili ara aqvs magnituri velis ukugavlenas 
dinebaze [12]. 
sazogadod iTvleba, rom mhd sasazRvro fenebis gantole-
bebi SeiZleba amoixsnas analizurad, ricxviTi meTodebiT 
(grafikulad) da analogiebis meTodis saSualebiT. cxadia, rom 
pirveli ori xerxi zogadad uSvebs sasazRvro fenis amocanis 
zusti amoxsnis SesaZleblobas, maSin, roca analogiebis meTodi, 
misi principidan gamomdinare, arasodes iZleva zust amoxsnas. 
magram, rogorc wesi, nebismieri meTodiT, analizurad,  zusti, 
koreqtuli amonaxsnebis miReba SeuZlebelia, Zalian martivi 
SemTxvevebis garda. amave dros, bolo aTwleulebis ganmavlobaSi 
gamoyenebiTi maTematikuri aparatis uwyveti ganviTareba da 
kompiuteruli teqnikis progresi principulad SesaZlebels xdis 
Zalian didi sizustis ricxviTi amoxsnebis miRebas. magram, 
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saWiroa aRiniSnos, rom nebismieri ricxviTi amonaxsni miiReba 
algebruli gantolebebis sistemidan, romelic, Tavis mxriv, 
warmoadgens diferencialuri gantolebebis gardaqmnis (dayvanis) 
Sedegs. Tu romeli meTodis gamoyeneba sjobs ama Tu im 
konkretuli amocanis SemTxvevaSi, obieqturi kriteriumebis 
garda, xSirad damokidebulia subieqtur Sexedulebebzec. Tumca, 
sakamaTo ar aris, rom Tu SesaZlebelia Tundac miaxloebiTi, 
koreqtuli analizuri amonaxsnis miReba, misi Rirebuleba 
aranaklebia, vidre igive amocanis zusti ricxviTi amoxsnisa. 
udavoa, rom mxolod analizuri amonaxsni iZleva fizikuri 
procesis srulfasovani, yovelmxrivi Seswavlis saSualebas, 
sulac imitom, rom is eqvemdebareba asimptotikuri yofaqcevis 
cxadad gansazRvris SesaZleblobas. rogorc magaliTi, hidro-
dinamikaSi farTod gamoyenebuli analizuri meTodisa, moviyvanT 
blaziusis meTods, romlis saSualebiTac miRebulia dinamikuri, 
siTburi da magnituri sasazRvro fenebis sxvadasxva, SedarebiT 
martivi, stacionaruli da arastacionaruli amocanebis amoxs-
nebi [17,19,20].  
arsebobs agreTve ramdenime sxva, sakmaod efeqturi 
miaxloebiTi analizuri meTodi, mag: targis integraluri meTo-
di, karnmanis meTodi, polhauzenis meTodi da sxv. garda amisa, 
sakmaod farTod gamoiyeneba miaxloebiTi analizuri meTodebi, 
magaliTad, iseTi arastacionaruli amoxsnebis misaRebad, roca 
SesaZlebelia kvazistacionaruli miaxloebis gamoyeneba. popula-
rulia agreTve mcire SeSfoTebebis meTodi, gansakuTrebiT 
plazmis talRuri moZraobebis Seswavlisas.  
Svecis mimdevrobiTi miaxloebis meTodi, romlis arasta-
cionaruli modifikacia ekuTvnis dobriSmans, miekuTvneba dife-
rencialuri gantolebebis amoxsnis iteraciuli tipis meTodebis 
klass. am meTodis Rirsebaa, sxva msgavsi tipis meTodebTan 
SedarebiT, gansakuTrebuli simartive da, rac mTavaria, fizikuri 
sicxade. mas gaaCnia naklovanebebic, romlebic dakavSirebulia 
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meTodis arakoreqtulobasTan asimptotikaSi, roca iteraciuli 
mwkrivis jami usasrulobisaken miiswrafis. 
sasazRvro fenis amocanebis amoxsnis miaxloebiT 
meTodebs Soris arseboben, rogorc analizuri aseve ricxviTi 
meTodebi, romelTac gansakuTrebuli ganviTareba hpoves 
gamoTvliTi teqnikis progresis kvaldakval. rogorc avRniSneT, 
orive midgomas sasazRvro fenis maTematikuri problemisadmi 
gaaCnia rogorc upiratesoba aseve naklic, romelTa SefasebaSic 
gadamwyveti mniSvneloba eniWeba konkretuli amocanis specifi-
kasa da mkvlevaris unars, efeqturad gamoiyenos ama Tu im 
meTodis SesaZleblobebi. am TvalsazrisiT gansakuTrebiT sasar-
geblo aRmoCnda Svecis meTodi, romelic Tavdapirvelad gamoye-
nebuli iyo sxvadasxva fizikuri da geofizikuri amocanebis 
martivi analizuri gziT amoxsnisaTvis [21,22]. niSandoblivia, rom 
am meTodis avtori gaxlavT ara maTematikosi, aramed Teori-
tikosi – geofizikosi, romlis mizansac  warmoadgenda 
sxvadasxva kerZo SemTxvevaSi miaxloebiTi amoxsnebis miReba 
amocanis fizikuri arsis minimalurad SezRudvis pirobebSi. 
Tavisi SinaarsiT, Svecis meTodi iteraciuli xasiaTisaa, e.i. 
gulisxmobs amonaxsnis mwkrivis saxiT warmodgenas, romlis 
Sesakrebebic ganisazRvreba Sesabamisi diferencialuri ganto-
lebis miaxloebiTi amoxsnis safexurebiT. am meTodiT miRebulma 
Sedegebma aCvena SesaniSnavi Tanxvdena cnobil zust amoxsnebTan, 
maT Soris, blaziusis amocanis amoxsnasTan. amitom, imTaviTve 
gamoTqmuli iyo varaudi, rom mimdevrobiTi miaxloebis meTodi 
arc Tu mniSvnelovan damaxinjebas unda iZleodes agreTve im 
amocanebis amoxsnisas, romelTaA zusti amoxsnebi an ar 
arsebobda, an principulad SeuZlebeli iyo maTi amoxsna. es 
hipoTeza moiTxovda Semowmebas, rasac mieZRvna gamoyenebiTi 
maTematikis specialistebis ramodenime naSromi [23,24]. aRmoCnda, 
rom zogad SemTxvevaSi mimdevrobiTi miaxloebis meTodiT 
miRebuli amoxsnebis mwkrivi ganSladi yofila, rasac, TiTqos, 
unda SeezRuda am meTodis gamoyenebis are. magram, es faqti 
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mniSvnelovania mxolod fundamentaluri TvalsazrisiT, 
radganac mimdevrobiTi miaxloebis meTodi imTaviTve gamiznuli 
iyo fizikis moTxovnilebebidan gamomdinare praqtikuli 
amocanebis amoxsnisaTvis, roca gadamwyvetia meTodis 
efeqturoba, da ara misi mniSvneloba fundamenturi kvlevebis 
ganviTarebis procesis TvalsazrisiT. praqtikulad, mimdevrobiTi 
miaxloebis meTods unikaluri SesaZleblobebi aRmoaCnda, rac 
dadasturda mTel rig naSromebSi, romlebSic warmatebiT iqna 
gadawyvetili dinamikuri da siTburi hidrodinamikuri sasazRvro 
fenebisa da difuziis sxvadasxva stacionaruli amocanebi. maTi 
amonaxsnebi, sxva zust an miaxloebiT analizur amoxsnebTan 
SedarebiT, gamoirCeodnen, maTematikur sisadavesTan erTd, 
gansakuTrebuli fizikuri informatiulobiTac. kerZod, Svecis 
meTodiT miRebuli amoxsnebi iZleodnen nebismieri sasazRvro 
fenis mTavari fizikuri parametrebis cxadi saxiT gansazRvris 
saSualebas. 
mimdevrobiTi miaxloebis meTodiT miRebuli Sedegebis 
praqtikulma Rirebulebam dRis wesrigSi daayena misi arasta-
conarul amocanebze ganzogadoebis sakiTxi, romelic gadawyvita 
dobriSmanma. man, gamoiyena ra mimdevrobiTi miaxloebis idea da 
Svecis mier SemoTavazebuli meTodika, moaxdina am meTodis 
arastacionaruli modifikacia, romelic warmatebuli aRmoCnda 
hidrodinamikuri sasazRvro fenebis zogierTi (dinamikuri tipis) 
amocanis amosaxsnelad [25]. 
 mimdevrobiTi miaxloebis meTodis koreqtulobis prob-
lemasa da misi magnitohidrodinamikuri dinebis siCqareTa velisa 
da magnituri induqciis sasazRvro fenis amocanebisaTvis gamo-
yenebis samarTlianobis dasabuTebas mieZRvna iotkovskisa da 
sxvaTa naSromi, romelSic Catarebulia miaxloebiTi analizuri 
amoxsnebis Sedareba zust avtomodelur amoxsnebTan da arsebul 
ricxviT amoxsnebTan. fardobiTi analizi emyareba iseT amocanas, 
romlisTvisac winaswar mocemulia siCqareTa veli da magnituri 
induqciis sasazRvro fena. kerZod, ganixileba marTkuTxa mhd 
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arxSi stacinaruli laminaruli dinebis cnobili amocana, 
romlisTvisac arsebobs dinamiuri sasazRvro fenis zusti  
analizuri amonaxsni [26]. 
arxis ganiv kveTaSi gadajvaredinebuli 
magnituri da eleqtruli velebis arsebobis 
dros dinebis topologia mocemulia 
sqematur suraTze. 
AA kedelebi –izolatoriebia, BB –
eleqtrodebi. iTvleba, rom magnituri  
reinoldsis ricxvi 1<<mRe ; holis parametri 1<<τω , E -
eleqtruli velis daZabuloba da  j - denis simkvrive mudmivia 
arxis ganivad. dineba arxSi iyofa or nawilad: sasazRvro fenebi, 
romlebic yalibdebian arxis kedlebze da gare dineba (dinebis 
birTvi). dinamikuri amocana SegviZlia ganvixiloT siTburisagan 
damoukideblad, xolo reinoldsis magnituri ricxvis simciris 
daSveba inducirebuli magnituri velis ugulvebelyofis 
saSualebas iZleva. izolator da gamtar kedlebze 
Camoyalibebuli dinamikuri sasazRvro fenebis Tvisobrivi 
gansxvaveba gamowveulia mxolod  magnituri velis orientaciiT. 
birTvSi dinebis parametrebi gamoiTvleba erTganzomilebiani 
Teoriis farglebSi. Semdeg isini, rogorc sasazRvro pirobebi, 
gamoiyeneba rogorc Svecis, aseve  ricxviTi meTodiT sasazRvro 
fenis maxasiaTeblebis gansazRvrisaTvis. eleqtrodze da 
izolirebul kedelze sasazRvro fenebis urTierTqmedeba 
amocanis pirobebiT gamoricxulia [26]. 
rogorc arxis sqemidan sCans, pirvel SemTxvevaSi 
eleqtruli deni kedlis marTobulia da ponderomotoruli 
(moculobiTi eleqtruli) Zalebi sasazRvro fenis mTel sisqeSi 
mudmivia. meore SemTxvevaSi sasazRvro fenis ganivad mudmivia 
eleqtruli veli, xolo denis simkvrive cvladia.  Sesabamisad, 
cvladia ponderomotoruli Zalebic. amitom, amocana arsebiTad 
gansxvavebulia sasazRvro fenebisaTvis arxis kedlebze, 
romlebic orientirebulni arian velis Zalwirebis paralelu-
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rad (`eleqtroduli” kedeli) da maT perpendikularulad 
(`izolirebuli” kedlebi). pirvel SemTxvevaSi deni miedineba 
kedlis marTobulad da denis simkvrive da pondermotoruli 
Zalebi mudmivia sasazRvro fenis mTel sisqeSi. meore 
SemTxvevaSi eleqtruli velis daZabuloba mudmivi rCeba, xolo 
denis simkvrive, da, aqedan gamomdinare, pondermotoruli 
Zalebic, Seicvlebian sasazRvro fenis sisqis cvlis mixedviT. 
eleqtruli velis mudmivobis daSveba arsebiTia, radgan 
winaaRmdeg SemTxvevaSi dinebas eqneba gansakuTrebulobebi, 
romlTa gaTvaliswineba SeuZlebelia Svecis miaxloebiTi 
meTodis farglebSi. es piroba ar warmoadgens gansakuTrebulad 
mkacr SezRudvas, radganac laboratoriul eqsperimentebSi (mhd 
generatorebSi an amaCqareblebSi) piroba constE =  Zalian 
martivad sruldeba. 
amrigad, zemoT aRwerili sworkuTxa konfiguraciis mqone  
arxis kedlebze sasazRvro fenis sisqis analizuri 
gansazRvrisaTvis gamoyenebuli iyo Svecis miaxloebiTi 
analizuri meTodi. siCqaris sxvadasxva nulovani profilisaTvis 
miRebuli iyo sasazRvro fenis sisqis zogadi gamosaxulebebi da 
mhd-arxis kedlebze tangencialuri Zabvebis (xaxunis) cvlileba 
arxis  gaswvriv, gare dinebaSi siCqarisa da magnituri velis 
induqciis im ganawilebisaTvis, romelic mocemuli iyo 
erTganzomilebiani TeoriiT. SedarebiTma analizma aCvena, rom 
cTomileba, romelic amoxsnebSi Sehqonda mimdevrobiTi 
miaxloebis meTods, zust ricxviT amoxsnasTan SedarebiT, 
sakmaod mcire iyo da praqtikulad ar aRemateboda 10%-s, rac 
Svecis meTodis sakmaris efeqturobas adasturebs. 
garda amisa, am qvakuTxedur naSromSi gakeTda kidev erTi 
Sedareba: mudmivi gamtareblobis dros, mhd Zalebis ar arsebobis 
pirobebSi, Svecis meTodiT miRebuli iyo frTis formis mqone 
zedapiris garsdenis amocanis amoxsna kvadraturebSi. am 
amonaxsnis avtorma gamoiyena moZraobis gantoleba, oRondac 
sasazRvro fenaSi siTxis cvladi gamtareblobis dros. Tumca am 
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amocanaSi Svecis meTodis sizuste ar ganxilula da misi 
gamoyenebis are ar gansazRvrula. samagierod, am  mhd amocanis 
Sedegebis analizia safuZvelze iotkovskis jgufis naSromSi 
moyvanilia ricxviTi gamoTvlebi da Catarebulia sakmarisi 
maTematikuri simkacris msjeloba Svecis meTodis gamoyenebis 
aresTan dakavSirebiT [26]. 
SemdgomSi, mimdevrobiTi miaxloebis meTodis arastaciona-
ruli modifikacia gamoyenebuli iyo brtyel zedapirze sxvada-
sxva tipis (dinamikuri, siTburi, Tavisufali konveqciis) sasazR-
vro fenebis parametrebis gansazRvrisaTvis. aseve, magnitosferos 
soliseburi modelis CarCoebSi gansazRvruli plazmis dinebis 
hidrodinamikuri suraTis saSualebiT amoxsnili iyo  I da II 
gvaris magnituri sasazRvro fenis arastacionaruli ganto-
lebaTa sistemis “magnituri” nawilebi, romlebic Seesabamebodnen 
dedamiwis magnitosferos meridionalur da ekvatorul kveTebs 
[27]. miRebuli Sedegebi, faqtiurad pirvelad, warmoadgenda 
dedamiwis magnituri sasazRvro fenis, magnitopauzis, iseT 
maTematikur abstraqcias, romelic, cxadi, saxiT iZleoda sasazR-
vro fenis yvela ZiriTad parametrs: sisqes, agreTve fenis 
gaswvrivad da ganivad magnituri da eleqtruli velis 
daZabulobebis ganawilebas. qvemoT moyvanilia dedamiwis ekvato-
rialuri da meridionaluri magnituri sasazRvro fenebis sisqis 
ganuzomeli analizuri gamosaxulebebi [3,27] 
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sadac ( )t,ξϕ -plazmis dinebis siCqarea sasazRvro fenis zedapiris 
gaswvriv, ( )t,h z ξ0 , ( )t,h x ξ0 _geomagnituri velis daZabulobis sidide 
magnitosferos sazRvarze ekvatorul da meridionalur kveTebSi, 
a -magnitosferos sazRvris forovnebis ganmsazRvreli parametri,  
ξ - ganuzomeli koordinata magnitosferos sazRvris gaswvriv. 
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lakonurobisaTvis, moviyvanT mxolod ekvatoruli 
magnitopauzis Sesabamis magnituri velis daZabulobis ganawi-
lebis analizur gamosaxulebas 
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sadac 0W _magnitosferos sazRvarze plazmis siCqaris ganivi 
komponentaa, η  -magnitopauzis ganivi ganuzomeli koordinata.  
       magnitosferos soliseburi modelis farglebSi aRmoCnda, 
rom rogorc ekvatorul, aseve meridionalur magnitopauzaSi 
magnituri velis daZabulobis ganawileba praqtikulad avtomo-
deluri xasiaTisaa. es faqti mniSvnelovania imdenad, ramdenadac 
amartivebs magnitur sasazRvro fenebSi generirebuli msxvil-
masStabovani eleqtruli velis komponentebis gamoTvlas da 
ganivi potencialTa sxvaobis sididis Sefasebas, risTvisac 
gamoyenebuli iyo omis kanonisa da maqsvelis gantolebis 
cnobili kombinacia. 
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Tavi II. dedamiwis magnituri sasazRvro fenis modelireba 
plazmis eleqtruli gamtareblobis impulsuri cvlilebis 
gaTvaliswinebiT 
  
2.1. mzis qaris Mplazmis eleqtruli gamtareblobis buneba  
mzis qarSi, romelic saplanetaTaSoriso sivrceSi 
aradisipaciur garemod iTvleba, kosmosuri samecniero 
aparatebis monacemebiT, SesaZlebelia arsebobdes “disipaciuri 
kunZulebi” magnituri Rrublebis saxiT. Teoriuli SefasebiT, 
magnituri Rrublis xvedriTi winaRoba )1010(7.2 13 −− ÷⋅≈ρ wm, rasac 
Seesabameba xvedriTi eleqtruli gamtarebloba )101(7.3 2÷⋅≈σ wm-1  
[28].  qvemoT naCvenebi iqneba, rom saplanetaTaSoriso sivrceSi 
mzis qaris eleqtruli gamtareblobis aseTi maxasiaTebeli 
mniSvnelobebi ramdenime rigiT ufro dabalia plazmis 
eleqtrul gamtareblobaze gardamaval areSi, magnitosferos 
winamdebare dartymiTi talRis frontsa da mis sazRvars Soris. 
sivrcis am nawilSi iwyebs moqmedebas plazmis sasruli 
eleqtruli gamtareblobis ganviTarebisaTvis aucilebeli 
kinetikuri da mhd meqanizmebi. am TvalsazrisiT, gansakuTrebulia 
magnitosferos magnituri sasazRvro fena, magnitopauza, sadac 
aris maqsimalurad albaTuri anomaluri winaRobis efeqtis 
warmoqmna. aRvniSnoT, rom magnituri Rrublis gamtareblobis 
simcire, erTgvarovani mzis qaris eleqtrul gamtareblobasTan 
SedarebiT, aisaxeba agreTve reinoldsis magnituri ricxvis 
sidideze. es ganuzomeli parametri, wina paragrafis Tanaxmad, 
warmoadgens gamtari garemosaTvis induqciuri da arainduqciuri 
miaxloebis kriteriums. kerZod, magnitosferos garsdenis 
amocanas Seesabameba mRe >>1, e.i. am SemTxvevaSi samarTliania 
induqciuri miaxloeba, xolo mzis qarSi “CaZirul” magnitur 
RrubelSi induqciis efeqti SeiZleba ugulvebelvyoT, radganac 
am warmonaqmnisaTvis damaxasiaTebelia  mRe <<1 [28]. 
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mzis qaris aradisipaciuri xasiaTi magnitosferosTan 
urTierTqmedebamde niSnavs, rom nebismieri fizikuri procesi, 
dakavSirebuli am plazmur garemoSi ganviTarebul gadatanis 
movlenebTan, iseTi unda iyos, rogoric idealuri garemosaTvis.  
miCneulia, rom erTgvarovan (e.i. magnituri Rrublebis gareSe) 
mzis qars saplanetaTaSoriso sivrceSi gaaCnia usasrulod didi 
eleqtruli da siTburi gamtarebloba da, Sesabamisad, nulovani 
magnituri da meqanikuri siblante. magram, idealuri eleqtruli 
gamtareblobis  postulireba nebismieri laboratoriuli Tu 
bunebrivi plazmisaTvis, maT Soris mzis qarisaTvisac,  Teoriul 
miaxloebad unda miviCnioT. amitom, mzis qarisaTvis ufro 
Sesaferisia termini - ,,zemaRali” eleqtruli gamtareblobis 
mqone, vidre  “idealurad gamtari”. 
  amrigad, mzis qarisTvis idealuri eleqtruli gamtareb-
loba abstraqtuli, Tumca, garkveulwilad, mainc sakmaod 
Sesaferisi fizikuri kategoriaa, romelsac  Tvisobrivi da 
raodenobrivi gradacia gaaCnia, imisgan damokidebulebiT, Tu 
saplanetaTaSoriso sivrcis romel ares ganvixilavT. kerZod, 
SeiZleba iTqvas, rom magnitosferosTan urTierTqmedebamde mzis 
qari avlens praqtikulad idealurad gamtari garemos bunebas, 
xolo dedamiwis magnitosferos maxloblad, dartymiTi talRis 
frontis gavlis Semdeg, is iZens sasruli eleqtruli 
gamtareblobis mqone garemos Tvisebebs. aqedan gamomdinare, 
gardamaval areSi adgili unda hqondes iseT fizikur efeqtebs, 
romlebsac SeuZliaT gamoiwvion mzis qaris eleqtruli 
gamtareblobis mkveTri gauareseba, anu, rac igivea,  plazmaSi 
anomaluri winaRobis efeqtis ganviTareba. amave dros, ar 
SeiZleba arsebobdes iseTi Teoria, romelic erTdroulad 
aRwers mzis qaris eleqtruli gamtareblobis xasiaTs saplaneta-
TaSoriso sivrceSi da magnitosferos winamdebare gardamaval 
areSi, Tu ki adgili ar eqneba  garemos struqturis, anu misi 
Termodinamikuri maxasiaTeblebis, Tvisobriv cvlilebebs.  
saplanetaTaSoriso sivrceSi mzis qaris plazma praqtikulad 
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emorCileba e.w. lorencis gazis Tvisebebs, romelic warmo-
dgenilia eleqtronebisa da protonebis kvazineitralur masad 
[28]. nebismier plazmas axasiaTebs eleqtronuli da ionuri 
siTburi siCqareebi, agreTve e.w. ionuri bgeris siCqare, romlis 
sididesac gansazRvravs plazmis eleqtronuli komponentis 
temperatura. lorencis miaxloeba niSnavs, rom plazmaSi 
ugulebelyofilia ionebis siTburi moZraoba, eleqtronebis 
siTbur moZraobasTan SedarebiT [5].   
      mzis qaris skalaruli eleqtruli gamtareblobisa da 
magnituri siblantisaTvis, roca plazmaSi eleqtruli velebi 
sustia, SeiZleba gamoviyenoT spitceris cnobili formulebi, 
samarTliani aradajaxebadi damagnitebuli plazmisaTvis [29]  
  231810361 eT)n(,
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sadac eT  - eleqtronuli maxasiaTebeli temperaturaa, Λ -debais 
sigrZis fardoba dajaxebis samizne parametrTan (e.w. kulonuri 
logariTmi).  mzis qarisaTvis kulonuri logariTmis maqsimaluri 
sididea 20=Λnl  [28].  
(2.1.2) miRebulia dajaxebaTa Teoriis CarCoebSi da 
samarTliania maSin, roca 1>>Λnl . laboratoriuli plazmisaTvis 
10≈Λnl , mzis gvirgvinisaTvis 20≈ , magnitosferosaTvis 30≈ . 
amrigad, mλ  ar SeiZleba didi sizustiT iyos gansazRvruli. 
plazmaSi susti eleqtruli velis piroba moiTxovs, rom  dEE < , 
sadac dE -e.w. gaqceuli eleqtronebis eleqtruli velia 
(dreisleris veli) 
    
e
d
T
nn
,E
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sadac dλ  -debais radiusia 
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 cnobilia, rom parametri Λnl  SedarebiT mcired icvleba 
plazmis simkvrivisa da temperaturis sakmaod farTo diapazonSi 
cvlilebis dros. mzis qaris saSualo maxasiaTeblebia 
KTTT ppe )102(,]52[
5⋅≈÷≈ , ]105[ ÷== pe nn sm
3−  [30]. (indeqsi p  Seesaba-
meba protonebs, e-eleqtronebs), rasac saSualod Seesabameba 
105 ÷=Λnl  [8]. amrigad, Tu CavTvliT, rom KT ]10)102[( 50 ⋅÷= , mzis 
qaris eleqtruli gamtareblobis maxasiaTebeli sidide iqneba 
1710]6.136.0[ ⋅÷≈σ wm
1−
. Sesabamisad, saplanetaTaSoriso sivrceSi 
mzis qars unda axasiaTebdes magnituri siblante 
4101250 ⋅÷≈ ].[mλ sm
2 wm-1. 
 spitceris modeli aRar aris samarTliani  magnito-
sferos winamdebare dartymiTi talRis frontis Semdeg, anu 
gardamaval areSi, sadac plazma iZens disipaciuri garemos 
Tvisebebs. Tumca, SeiZleba iTqvas, rom es modeli sakmaod 
sandod gvaZlevs mzis qaris plazmis magnituri siblantis im 
maqsimalur mniSvnelobas, romlisTvisac praqtikulad samarT-
liania saplanetaTaSoriso magnituri velis Cayinulobis piroba.  
amrigad, mzis qari warmoadgens metad dabali simkvrivis 
sruliad ionizirebul plazmas, romlis eleqtruli 
gamtareblobis mkveTri cvlileba, rasac adgili aqvs gardamaval 
areSi, SeiZleba gamowveuli iyos sxvadasxva tipis plazmuri 
aramdgradobebis gamomwvevi meqanizmebis CarTviT [31,32,33]. am 
aramdgradobebs Soris  aris bunemanis, ionur-bgeriTi da ionur-
ciklotronuli aramdgradobebi, romelTa ganviTarebis Sedega-
dac plazmas SeiZleba gauCndes impulsuri anomaluri winaRoba. 
zogadad, anomaluri winaRobis ganviTarebis fizikuri meqanizmis 
safuZvelia talRa-nawilakis tipis urTierTqmedeba, romelsac 
adgili aqvs, met-naklebi intensivobiT, nebismier plazmur 
garemoSi.  
50 
mikroaramdgradoba da anomaluri winaRoba. plazmas 
axasiaTebs eleqtronuli da ionuri siTburi siCqareebi, agreTve 
e.w. ionuri bgeris siCqare, romlis sididesac gansazRvravs 
plazmis eleqtronuli komponentis temperatura. Tu plazmaSi 
dreifis siCqare dU  da denis simkvrive j  gadaaWarbebs raRaca 
konkretul zRvrul sidides, romelic warmoadgens sxvadasxva 
aramdgradobis zRurbls, maSin daiwyeba eleqtromagnituri 
talRebis generacia. am movlenis gamo adgili eqneba plazmis 
nawilakebis gafantvas talRebze, rac gaarTulebs eleqtruli 
denis ganvladobas. amis Sedegad mkveTrad gaizrdeba efν -
dajaxebaTa efeqturi sixSire, rac migviyvans anomalurad dabal 
eleqtrul gamtareblobasTan- efσ , an, rac igivea, anomalurad 
maRal winaRobasTan, romlis sidide ramdenime rigiT 
gadaaWarbebs am parametris klasikur mniSvnelobas [34]. 
roca eleqtronebis da protonebis temperatura axlosaa 
erTmaneTTan ( pe TT ≈ ), ionur-ciklotronul aramdgradobas gaaCnia 
yvelaze ufro dabali zRurbli, romlis kriteriumia utoloba 
   Tp
e
p
d v
T
T
u 15≥ .    (2.1.6) 
am pirobis dakmayofilebis SemTxvevaSi aRiZvreba 
elqtrostatikuri ionur-ciklotronuli talRebi da moxdeba 
protonebis gacxeleba. magram, aseTi ram gardamavali aris 
plazmaSi naklebad albaTuria, radganac (2.1.6) faqtiurad 
eqvivalenturia utolobis )vv(,u TpTed +≥ 71 , anu mzis qarisaTvis 
fardobiTi dreifis siCqare Zalian didi unda iyos. rogorc es 
me-3 TavSi iqneba naCvenebi, gardamaval areSi 710≈maxdu sm.wm-1, 
xolo tipiuri ( ) 710103 ⋅÷≈Tpv sm.wm-1 e.i. (2.1.6) SeiZleba 
dakmayofildes mxolod gansakuTrebul pirobebSi, isic 
lokalurad. 
ionur-ciklotronuli aramdgradobis garda, SeiZleba 
sxva tipis aramdgradobebis ganxilvac. magaliTad, ionur-
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bgeriTis, romelic mTavaria anomaluri gamtareblobis sagdeevis 
TeoriaSi. garda amisa, gansakuTrebiT mniSvnelovania, rom du -s 
zRvruli mniSvneloba dabldeba rac ufro mcirdeba fardoba 
ep TT , anu izrdeba temperaturuli asimetria plazmis komponen-
tebs Soris.  
roca pe TT >> , maSin dreifis siCqare aRemateba ionuri 
bgeris siCqares 
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Cu => ,    (2.1.7) 
ris Sedegadac aRiZvreba ionur-bgeriTi tipis aramdgradoba, 
romlisTvisac samarTliania sagdeevis cnobili formula 
anomaluri winaRobisaTvis. avRniSnavT, rom am tipis aramdgra-
dobis gamo eleqtruli gamtarebloba, plazmis gamtareblobis 
klasikur sididesTan SedarebiT, SeiZleba milionjer da metadac 
Semcirdes. 
anomaluri winaRoba gardamaval areSi, upiratesad 
magnitopauzis maxloblad, SeiZleba ganviTardes ara mxolod 
romelime tipis aramdgradobis aRZvris gamo, aramed plazmaSi 
struqturuli araerTgvarovnebis warmoqmnis Sedegadac. kerZod, 
mzis qarSi SeiZleba gaCndnen ormagi eleqtrostatikuri fenebi 
[35,36], romelTa sisqec Dλ -s rigisaa. zogadad, ormagi eleqtruli 
fenebi raRaciT hgvanan anodsa da kaTodze dagrovebuli 
daSorisSorebuli muxtebiT Seqmnil fenebs. potencialTa 
sxvaoba fenis ganivad 
e
kT
 rigisaa da SeiZleba moqmedebdes, 
rogorc anomaluri winaRobis gamomwvevi ZiriTadi meqanizmi. 
arsebobs erTi mniSvnelovani niuansi: laboratoriuli ormagi 
eleqtruli fenebisagan gansxvavebiT, sadac SesaZlebelia 
sakmaod  Zlieri eleqtruli velebis arseboba, astrofizikur 
garemoSi, romelsac miekuTvneba magnitosferos gardamavali are, 
SeiZleba arsebobdnen mxolod susti ormagi eleqtruli fenebi, 
romlebic Cveulebriv warmoadgenen romelime tipis plazmuri 
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aramdgradobis aRZvris Sedegad ganviTarebuli procesebis 
meorad produqts. ormagi eleqtruli fenis CamoyalibebisaTvis 
aucilebelia, rom gardamaval areSi dairRves mzis qarSi smv-s 
Cayinulobis piroba. swored amis Semdeg wamoiqmneba romelime 
tipis plazmuri aramdgradobis ganviTarebisaTvis aucilebeli 
pirobebi, moxdeba Sesabamisi talRebis generacia, mcire areebSi 
dairRveva kvazineitraloba, warmoiqmneba ormagi eleqtruli 
fenebi da ganviTardeba  anomaluri winaRobis efeqti. 
 mzis qarSi anomaluri winaRobis ganviTarebis sqema 
Semdegia: talRa-nawilakis urTierTqmedeba plazmaSi iwvevs sust 
turbulentobas, gansxvavebiT Zlieri turbulentobisagan, rome-
lic dakavSirebulia nebismier uwyvet garemoSi aRZruli msxvil-
masStabovani hidrodinamikuri grigaluri warmonaqmnebis arsebo-
basTan. amrigad, Tu plazaSi moxdeba bunemanis, ionur-ciklotro-
nuli an ionur-bgeriTi tipis aramdgradobebis aRZvra, is 
daitvirTeba Sesabamisi sixSiruli speqtris mqone generirebuli 
talRebiT. es talRebi, moqmedeben ra eleqtronebTan, iwveven 
ionebis mimarT maTi moZraobis fardobiTi siCqaris cvlilebas, 
rac dauyovnebliv aisaxeba plazmis eleqtrul gamtareblobaze. 
EaseTi efeqti gansakuTrebiT kargad vlindeba, Tu plazmaSi, 
talRuri fonis garda, arsebobs agreTve eleqtronebis 
amaCqarebeli eleqtruli velic, romelic  aucilebelia, magali-
Tad, bunemanis aramdgradobis aRZvrisaTvis. plazmaSi eleqtruli 
velis arseboba iwvevs ionebis mimarT eleqtronebis fardobiTi 
siCqaris zrdas, rac faqtiurad niSnavs, rom izrdeba denis 
intensivoba. Tu plazmaSi denis sididem kritikul zRvars miaR-
wia, SesaZlebelia aramdgradobis zvaviseburi ganviTareba.A 
amrigad, principuli mniSvneloba aqvs ionebis mimarT 
eleqtronebis fardobiTi siCqaris sidides. magram, fardobiTi 
siCqaris kritikuli mniSvneloba damokidebuli yofila ara 
marto garegan eleqtrul velze, aramed agreTve plazmis 
temperaturul anizotropiazec, anu eleqtronuli da protonuli 
temperaturebis fardobaze. cnobilia, rom temperaturuli 
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anizotropiis zrda amcirebs fardobiTi siCqaris kritikul 
mniSvnelobas… [32]. Tu plazmaSi kmayofildeba romelime tipis 
aramdgradobis Sesabamisi kriteriumebi, aRiZvreba eleqtromagni-
turi rxevebi, romelTa ganviTarebis wrfiv etapze moxdeba 
garemos datvirTva susti turbulentobis gamomwvevi talRebiT. 
eleqtronebis urTierTqmedeba talRebTan iwvevs maT damuxru-
Webas, rasac mohyveba aramdgradobis arawrfiv stadiaSi gadasvla 
da garemos disipaciuri Tvisebebis cvlileba. garkveuli drois 
Semdeg, sistema kvlav daubrundeba Tavis pirvandel mdgomareo-
bas, romelic mas gaaCnda, sanam ar dakmayofilda aramdgradobis 
aRZvris kriteriumebi. aramdgradobis aRZvris procesi nebismier 
plazmur garemoSi SeiZleba SeuzRudavad ganmeordes, rac 
niSnavs, rom garkveul pirobebSi plazmas SeiZleba gaaCndes 
droSi impulsuri xasiaTis mqone anomaluri winaRoba. rogorc 
smv-sa da dedamiwis magnituri velis Zalwirebis gadaerTebis 
procesis eqsperimentaluri Sedegebis analizi aCvenebs, magnitos-
feros fokalur areSi da magnitopauzaze sistematurad aqvs 
adgili swored aseTi impulsuri xasiaTis movlenas. meorenairad, 
es niSnavs, rom magnitosferos sazRvris maxloblad plazmis 
fonuri winaRobis sidide SeiZleba spontanurad gaizardos mzis 
qaris disipaciuri parametrebis impulsuri cvlilebis gamo. 
 rogorc avRniSneT, gardamaval areSi, sxva tipis 
aramdgradobebis kriteriumebTan SedarebiT, ufro advilia 
ionur-bgeriTi aramdgradobis kriteriumis dakmayofileba. marT-
lac, nax. 2-dan sCans, rom am aramdgradobis zRurbli yvelaze 
ufro dabalia, gansakuTrebiT maSin, roca asimetria eleqtro-
nul da protonul temperaturebs Soris maRalia _ 10≥
p
e
T
T . am 
dros eleqtronebis fardobiTi siCqare ionebis mimarT naklebia 
eleqtronebis siTburi moZraobis siCqareze.Aaq xazgasmiT unda 
aRvniSnoT, rom, es Termodinamikuri parametri, mzis qaris  
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plazmis dabalenergiulobis miuxedavad, Cveulebriv mainc 
aRemateba mzis qaris hidrodinamikur siCqares magnitosferosTan 
urTierTqmedebamde. es utoloba kidev ufro Zlierdeba magnito-
sferos kritikuli wertilis maxloblad, fokalur aresTan 
gaigivebul mdgar zonaSi, sadac plazmis hidrodinamikuri 
siCqare minimum erTi rigiT ufro mcirea saplanetaTaSoriso 
sivrceSi mzis qaris siCqareze. amitom, Tu CavTvliT, rom 
eleqtronebis fardobiTi siCqare ionebis mimarT hidrodina-
mikuri siCqaris rigisaa, magnitosferos fokalur areSi anomalu-
ri winaRobis ganviTarebis aucilebeli piroba iqneba mniSvnelo-
vani anizotropiis arseboba plazmis komponentebis temperatu-
rebs Soris, Tanac eleqtronuli temperatura unda aRematebodes 
protonuls, da ara piriqiT.  
amrigad, anomaluri winaRobis efeqtis ganviTarebisaTvis 
principuli mniSvneloba gaaCnia rogorc plazmuri tempera-
turebis absolutur sidides, aseve eleqtronuli da protonuli 
komponentebis temperaturebis fardobas. qvemoT Cven kidev 
gamoviyenebT mzis qaris eleqtronuli da protonuli tempera-
turebis maxasiaTebel sidideebs magnitosferosTan urTierTqme-
debamde. gardamaval areSi es sidideebi SeiZleba mniSvnelovnad 
Seicvalos, rac, cxadia, imoqmedebs mzis qarSi aramdgradobebis 
aRZvris pirobebze. kerZod, [37]–is Tanaxmad magnitosferos 
T
d
V
u
 
1 
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1 
10 
pe TT  
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2 
nax.2. eleqtronebis kritikuli siCqaris damokidebuleba 
pTeT  temperaturebis fardobaze, ionobgeruli (1) da ionur-
ciklotronuli (2) aramdgradobisaTvis 
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maxloblad SesaZlebelia ionuri temperaturis gazrda, Tumca 
ufro albaTuria, rom es efeqti ganviTardes Zabriseburi 
struqturis mqone polarul kaspebSi, iq moZravi ionuri konebis 
maRalganedovani ionosferos damagnitebul garemosTan urTierT-
qmedebis gamo. rac Seexeba mzis qaris protonul temperaturas, 
ukanaskneli eqsperimentaluri monacemebiT magnitosferos maxlo-
blad maRalalbaTuria, rom am parametris cvlilebis diapazoni 
iyos K]1010[ 54 ÷ . miCneulia, rom protonuli temperatura 
pirdapir kavSirSia mzis qaris siCqaresTan, romelic magnito-
sferos maxloblad SeiZleba mkveTrad Semcirdes [38]. amitom, 
radganac eleqtronuli temperatura ar aRmoCnda damokidebuli 
mzis qaris siCqareze, magnitosferos Subla areSi faqtiurad 
yovelTvis eqneba adgili temperaturul anizotropias eleqtro-
nul da protonul komponentebs Soris.  
ionur-bgeriTi aramdgradobiT gamowveuli anomaluri 
winaRobis efeqti, anu, rac igivea, plazmis anomaluri magnituri 
siblante, SeiZleba Sefasdes cnobili formuliT [16,31]  
)cu()TmTm()(c sppeepem ⋅=
−− 2112210 ωλ ,        (2.1.8) 
sadac 212 )4( eepe mnepiω = - eleqtronuli plazmuri sixSirea, e -
elementaruli muxti, em  da pm  eleqtronisa da protonis masa, 
u -eleqtronebis fardobiTi siCqare ionebis mimarT, sc -ionuri 
bgeris siCqare.  
rogorc aRvniSneT, ionur-bgeriTi aramdgradobis ganviTa-
rebis erT-erTi xelSemwyobi pirobaa asimetriis arseboba proto-
nul da eleqtronul temperaturebs Soris, rac damaxasiaTebelia 
mzis qarisaTvis saplanetaTaSoriso sivrceSi. sagdeevis mixedviT, 
im SemTxvevaSi, roca Te<Tp, ionur-bgeriTi aramdgradobis 
aRZvrisaTvis sakmarisia, rom 21)( ee mTu > , e.i. eleqtronebis 
fardobiTi siCqare protonebis mimarT unda aRematebodes 
eleqtronebis siTbur siCqares.AaSkaraa, rom am SemTxvevaSi didi 
maragiT Sesruldeba piroba: 21)( eppes mTmTcu > . sawinaaRmdego 
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SemTxvevaSi, anu roca eleqtronuli temperatura aRemateba 
protonuls, dreifis siCqaris kritikuli sidide eleqtronebis 
siTbur siCqareze naklebia. aseT dros kmayofildeba zemoT-
moyvanil pirobaze ufro rbili piroba: 
4
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. msgavsi situ-
acia maqsimalurad esadageba mzis qars, rogorc magnitosferos-
Tan urTierTqmedebamde, aseve gardamaval areSi.                              
amrigad, visargebloT gardamaval areSi mzis qaris 
plazmis parametrebis tipiuri mniSvnelobebiT: 10=en sm
3− , 
]101[ ÷=pe TT . rogorc aRvniSneT, eleqtronul da ionur 
temperaturebs Soris asimetriis am intervalSi 
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. (2.1.8) formulidan miviRebT magnituri 
siblantis cvlilebis maxasiaTebel intervals 
1410540270 ⋅÷≈ ]..[mλ sm
2 wm
1−
. sainteresoa, rom magnituri siblantis 
aseTi sidide praqtikulad emTxveva mzis qaris SesaZlo 
meqanikuri (kinematikuri) siblantis im mniSvnelobas, romelic 
navaraudevi iyo aqsford-xainsis magnitosferosa da mzis qaris 
kvaziblanti urTierTqmedebis cnobili fenomenologiuri 
modeliT [39].  
mzis qaris mier dedamiwis magnitosferos garsdenis 
procesSi disipaciuri efeqtis mniSvnelobas pirvelma yuradReba 
miaqcia aqsfordma. kvaziblanti urTierTqmedebis Teoriis 
Tanaxmad, magnitosferoSi mimdinare fizikuri procesebis 
stacionarul doneze warmarTvisa da Sidamagnitosferuli 
struqturebis energetikuli momaragebisaTvis aucilebelia, rom 
gardamaval areSi mzis qars gaaCndes Cveulebrivi siblante, 
romlis kinematikuri koeficienti sakmarisia iyos 
131051 ⋅÷≈ )(λ sm2wm-1. SemdgomSi igive avtori fenomenologiuri 
msjelobis safuZvelze mivida daskvnamde, rom magnitosferos 
Subla areSi smv-sa da dedamiwis magnituri velis Zalwirebis 
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stacionaruli gadaerTebisaTvis saWiroa mzis qars agreTve 
gaaCndes λ -s rigis magnituri siblante.  
kulonuri gafantvis TeoriaSi, anu, faqtiurad lorencis 
miaxloebaSi, plazmis meqanikuri siblantis sidide SeiZleba 
Sefasdes Semdegi formuliT  
                         12 −⋅⋅⋅= pp nrv ωλ ,                    (2.1.9)            
sadac pv -ionebis siTburi siCqarea,  
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r , n - eleqtronebis 
ricxvi debais sferoSi.Uukanaskneli parametri saplanetaTa-
Soriso sivrceSi sakmaod variabeluria, amitom marTlac 
SesaZlebelia, rom mzis qaris meqanikuri siblante magnituri 
siblantis Tanazomadi iyos.  
damagnitebuli sxeulis gamtari garemos mier garsdenis 
dros magnituri siblante faqtiurad meqanikuri siblantis 
funqcias asrulebs. cnobilia, rom, mhd miaxloebaSi 
gansakuTrebul rols TamaSobs prandtlis magnituri ricxvi, 
parametri, romelic mocemulia pirvel paragrafSi da warmoad-
gens meqanikuri da magnituri siblanteebis koeficientebis 
fardobas. roca Prm=1, damagnitebuli sxeulis zedapirze 
warmoqmnili blanti da magnituri sasazRvro fenebi erTmaneTs 
emTxvevian [3]. sonerup-pristis kinematikuri modelis Tanaxmad, im 
SemTxvevaSi, roca Prm>>1, SesaZlebelia magnituri velis 
dagroveba magnitosferos Subla wertilis winamdebare areSi, 
romlis sisqec mniSvnelovnad aRemateba magnitosferos SesaZlo 
blanti sasazRvro fenis sisqes [40,41,42].Acxadia, rom am 
SemTxvevaSi samarTliania mzis qaris meqanikuri siblantis magni-
turi siblantiT efeqturi “Canacvleba”, rac aisaxeba gardamaval 
areSi plazmis dinebis struqturaze.  
dinebis  stabilizaciasTan erTad, rasac iwvevs magnituri 
siblante da smv, gardamaval areSi plazmis dinebis msxvilmasS-
tabovan hidrodinamikur suraTSi SesaZlebelia agreTve asimetri-
is warmoqmnac, amperis Zalebis efeqtis gaZlierebis gamo. amasTan, 
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arsebobs plazmis magnituri siblantis maxasiaTebeli sididis 
fenomenologiurad gansazRvris SesaZleblobac, Tu cnobilia 
hidrodinamikurad stabiluri, gansakuTrebuli struqturisa da 
mniSvnelovani zomis mqone  aris xazovani parametrebi. magnituri 
siblantis sididis Sefasebis aseTi varianti, dafuZnebuli mzis 
qaris dinebis struqturul Taviseburebaze magnitosferos garda-
maval areSi, SeiZleba erTob sasargeblo aRmoCndes, radganac  
zemoT miRebuli ricxviTi Sedegebi dakavSirebulia kinetikur 
TeoriasTan, romlis CarCoebSic plazma ar warmoadgens uwyvet 
garemos. kvlav unda dafiqsirdes, rom hidrodinamikuri miax-
loeba gacilebiT ufro uxeSia, vidre kinetikuri. Tumca, rig 
SemTxvevebSi, am ori miaxloebis gamoyenebiT miRebuli  Sedegebi 
raodenobrivad mniSvnelovnad ar gansxvavdeba, rac qvemoT iqneba 
dadasturebuli.  
zemoTmoyvanili msjelobidan gamomdinare, samarTlianad 
migvaCnia, rom mzis qaris magnituri siblantis  fenomenologiuri 
SefasebisaTvis gamoviyenoT magnitosferos winamdebare mdgari 
zonis modeli [3]. kerZod, Cveni miznisaTvis sainteresoa Semdgom 
TavSi mocemuliMmdgari zonis “magnituri” analogi, romelic 
miRebulia gansakuTrebul wertilSi smv-s magnituri Zalwiris 
mravaljeradi gaxleCvis Sedegad. iTvleba, rom gansakuTrebuli 
wertili warmoadgens mdgari zonis wveros da keTdeba daSveba, 
rom magnitosferosTan urTierTqmedebamde smv-s veqtori mzis 
qaris siCqaris paraleluria (denis wiri emTxveva magnituri 
velis Zalwirs). gaxleCvis Sedegad yalibdeba ZalwirebiT 
SemosazRvruli sivrculi magnituri struqtura, romlis 
zedapiris aproqsimacias, mdgari zonis msgavsad, warmoadgens 
konusuri zedapiri. rogorc naCvenebi iyo, gaxleCili smv-sa da 
mdgari zonis irgvliv modeluri toroidaluri velis 
urTierTqmedebis Sedegad yalibdeba xraxniseburi magnituri 
struqtura cvladi bijiT [43]. bijis zoma izrdeba mdgari zonis 
wverodan fuZisaken. Aamrigad, magnituri veli damokidebulia 
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mdgari zonis kveTis radiusze, rac niSnavs, rom mdgari zonis 
sazRvarze 0≠
→
Brot (
→
B  - magnituri velis induqcia).   
maqsvelis gantolebisa da omis kanonis kombinaciiT mivi-
RebT, rom   
    





 +==
→→
−
→
−
→
−
→
][44 111 BVcEcjcBrot piσpi .       (2.1.10) 
magnitosferosTan urTierTqmedebamde mzis qarSi smv-s Cayinu-
lobis piroba moiTxovs, rom eleqtruli veli ][1
→→
−
→
= BVcE , rad-
ganac, sawyisi pirobis Tanaxmad, denis simkvrive idealurad gam-
tar garemoSi 0=
→
j . es niSnavs, rom smv-s Zalwirebis konfigu-
racia magnitosferosTan urTierTqmedebamde iseTia, rom yvelgan 
0=
→
Brot . magram, mdgari (stagnaciis) zonis areSi, modelis Tanax-
mad, aRniSnuli piroba irRveva. amitom, Tu viciT 
→
Brot  da ][
→→
BV  
maxasiaTebeli sidideebi, SesaZlebelia magnituri siblantis 
maxasiaTebeli sididis Sefasebaa. Tu CavTvliT, rom mdgari 
zonis sazRvarze 0=
→
E , maSin ]BV[Brot m
→→
−
→
≈ 1λ . stagnaciis zonis 
horizontaluri kveTis radiusis maxasiaTebeli sididea 
]1010[ 980 ÷≈R sm, magnituri velis intensivobis - 
4
0 10
−≈B gausi; 
mdgari zonis sazRvarze plazmis hidrodinamikuri siCqare, roca 
mzis qaris siCqaris maxasiaTebeli mniSvneloba 70 104 ⋅≈V smwm
1− , 
tolia 6105,2 ⋅≈V smwm 1− .AaseTi parametrebisaTvis miviRebT, rom 
151052250 ⋅÷≈ ],,[mλ sm
2 wm 1− , rac TanxmobaSia kinetikuri Teoriis 
farglebSi  miRebul SedegTan [29]. 
     dasasruls, aRvniSnavT, rom plazmis eleqtruli gamtareb-
lobis spitceris modeli, ara marto Cveni azriT, aramed sxva 
avtorebis SexedulebiTac [28], sakmaod sandod adgens mzis qaris 
plazmis eleqtruli gamtareblobis im zRvrul mniSvnelobas, 
romlisTvisac koreqtulia Cayinuli magnituri velis miaxloeba 
( 0=mλ ) 
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rig SemTxvevebSi SeiZleba CavTvaloT, rom (2.1.11) gantoleba 
samarTliania ara marto magnitosferosTan urTierTqmedebamde, 
aramed gardamavali aris danarCen nawilSic,  magnitopauzisa da 
mdgari zonis garda, sadac aucileblad mxedvelobaSia misaRebi 
mzis qaris eleqtruli gamtareblobis sasruli xasiaTi.  
gardamavali arisa da misi nawilis, magnitopauzisaTvis, 
romelic gaigivebulia magnitur sasazRvro fenasTan, anomaluri 
winaRobis efeqti warmoadgens impulsur movlenas, romelic 
diskretulad viTardeba stacionarul fonze. aSkaraa, rom 
eleqtruli gamtareblobis (magnituri siblantis) impulsuri 
cvlileba arastacionaruli xasiaTisaa da mas unda hqondes 
maxasiaTebeli dro 0τ . arsebobs am parametris miaxloebiTi 
gansazRvris ori SesaZlebloba: 1) magnitosferos sazRvarze (an 
magnitosferos kudSi) Zalwirebis impulsuri gadaerTebis 
Sedegad ganviTarebuli subqariSxalis (elementaruli 
maRalganedovani magnituri qariSxali-yure) maxasiaTebeli drois 
saSualebiT; 2) anomaluri winaRobis aris farTis maxasiaTebeli 
zomis magnitur siblantesTan fardobidan: ml λτ
2
0 = . cnobilia, 
rom tipiuri subqariSxali mimdinareobs ( )18006000 ÷≈τ wm-is 
ganmavlobaSi [11]. rac Seexeba meore variants, Tu moviSveliebT 
magnitosferos winamdebare fokaluri aris xazovan masStabs, 
romelsac iZleva mdgari zonis modeli - 910=l sm, da magnituri 
siblantis maqsimalur maxasiaTebel sidides igive modelis 
farglebSi- 1510≈mλ sm2wm-1, miviRebT, rom 10000 ≈τ wm. radganac 
orive variantiT gansazRvruli 0τ -is sidideebi TanxmobaSia, 
anomaluri winaRobis ganiviTarebis maxasiaTebeli dro SeiZleba 
iyos misi nebismieri mniSvneloba zemoT mocemuli intervalidan.  
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2.2. dedamiwis meridionaluri magnituri sasazRvro fenis 
modelireba mzis qaris eleqtruli gamtareblobis 
impulsuri cvlilebisas 
 
       rogorc viciT, mzis qars dedamiwis magnitosferosTan 
urTierTqmedebamde idealuri eleqtruli gamtarebloba gaaCnia, 
rac niSnavs, rom saplanetaTaSoriso sivrceSi kmayofildeba e.w. 
magnituri velis Cayinulobis gantoleba. miCneulia, rom 
magnitosferos sazRvris siaxloves mzis qaris plazmis eleqtru-
li gamtarebloba σ  sasruli xdeba dartymiTi talRis frontis 
gavlis Semdeg, masSi disipaciuri efeqtebis ganviTarebis gamo. 
amis mizezi SeiZleba iyos dartymiTi talRis frontze plazmis 
Termodinamikuri maxasiaTeblebis naxtomiseburi cvlileba, 
gamowveuli damuxtul nawilakebs Soris dajaxebis manZilis 
(Tavisufali ganarbenis sigrZe) mkveTri SemcirebiT, rac xels 
uwyobs plazmaSi susti turbulentobis efeqtis warmoqmnas 
romelime tipis plazmuri aramdgradobis, magaliTad: ionur-
bgeriTi an ionur-ciklotronulis, ganviTarebisaTvis aucile-
beli kriteriumebis dakmayofilebis gamo [16]. plazmis 
eleqtruli gamtareblobis anomaluri cvlileba xels uwyobs 
magnitosferos sazRvris erozias. dRis mxareze magnitopauzis 
centraluri nawili warmoadgens dedamiwis magnituri velisa da 
smv-s Zalwirebis gadaerTebis yvelaze ufro savaraudo adgils 
[44,45].  
       mzis qarisa da magnitosferos urTierTqmedebis mhd 
TeoriaSi magnituri velis Zalwirebis gadaerTebis efeqti 
warmoadgens umniSvnelovanes problemas, romlis Seswavlas 
laboratoriuli plazmisaTvis da astrofizikaSi gansakuT-
rebuli praqtikuli Rirebuleba gaaCnia. magnitosferosTan mimar-
TebaSi ansxvaveben ori tipis gadaerTebas: stacionarul da 
arastacionarul, anu impulsur gadaerTebas. ZiriTadi gans-
xvaveba am procesebs Soris, romelTac erTnairi buneba gaaCniaT 
da raodenobrivi SedegebiT ar gansxvavdebian magnituri velis 
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Zalwirebis anihilaciis movlenisagan, dakavSirebulia 
damagnitebuli garemos eleqtruli gamtareblobis xasiaTTan. 
stacionaruli gadaerTebis procesisaTvis aucilebelia, rom 
plazmis eleqtruli gamtarebloba drois sakmarisad did 
monakveTSi konkretul zRurblur mniSvnelobaze dabali iyos, 
maSin, roca impulsur gadaerTebas SeiZleba adgili hqondes 
plazmis Tavdapirvelad zemaRali, oRondac sasruli sididis 
eleqtruli gamtareblobis SemTxvevaSi, romelic mcire droSi 
SeiZleba anomalurad mkveTrad Seicvalos [31]. magnitosferul 
pirobebSi impulsuri xasiaTis gadaerTebis albaToba ufro 
maRalia, vidre stacionarulis. magram, rodesac magnituri 
Zalxazebis gadaerTebis problemas vixilavT, mxedvelobaSi unda 
iyos miRebuli rogorc pirveli, aseve meore tipis gadaerTebis 
ganviTarebis SesaZlebloba, agreTve, maTze aranakleb albaTuri, 
Zalwirebis anihilaciis efeqti. sakiTxis aseTi dayeneba sakamaTo 
ar unda iyos, miT umetes, roca cnobilia, rom aRniSnul 
erTnairi bunebis movlenebs gansxvavebuli gamSvebi meqanizmebi 
marTaven [14].  
magnituri velis Zalwirebis impulsur, anu spontanur, 
gadaerTebas mravali specifikuri maxasiaTebeli gaaCnia. 
daviwyoT imiT, rom nebismieri gadaerTebis procesis 
iniciaciisaTvis aucilebelia deniani fenis arseboba. 
erTgvarovan mhd garemoSi, romelSic eleqtruli deni ar gadis, 
an vakuumSi, sadac eleqtruli muxtebis matareblebi ar 
arseboben, magnituri velis Zalwirebis gadaerTeba 
gamoricxulia. Tu raime mizeziT ganviTarebuli plazmuri 
SeSfoTebebi Secvlian deniani fenis struqturas, es gamoiwvevs 
am fenaSi magnituri velis topologiis cvlilebas, rac SeiZleba 
xelSemwyobi mizezi gaxdes deniani fenis magnituri velis 
Zalwirebsa da plazmis mier transportirebuli magnituri velis 
Zalwirebis gadaerTebisaTvis. gadaerTebis an anihilaciis msgavsi 
Tvisobrivi sqema samarTliania rogorc laboratoriuli, aseve 
kosmosuri plazmuri garemosaTvis, magaliTad, meridionalur 
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magnitopauzaze, romelic warmoadgens brtyeli deniani fenis 
sakmaod koreqtul bunebriv analogs.  
       amrigad, brtyeli deniani fena ukumSvad, sasruli 
eleqtruli gamtareblobis mqone plazmaSi SeiZleba gaigivebuli 
iyos magnitopauzasTan. ganvixiloT martivi modeli, romelic 
fizikurad cxads xdis am analogias.  ukumSvad plazmaSi, 
romelsac σ  gamtarebloba gaaCnia, drois sawyis momentSi 
mocemulia erTkomponentiani magnituri veli 0BlB y
→→
±= , mogezuli 
usasrulo deniani fenis paralelurad. marTobuli mimarTu-
lebiT, orive mxares ( 0><X ), magnituri velis intensivobis 
cvlileba drosa da sivrceSi SeiZleba aRiweros gamartivebuli 
erTganzomilebiani difuziis gantolebiT [46] 
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,                 (2.2.1) 
romlis amoxsnas aqvs  saxe 
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2 piσ
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sadac )(xerf -e.w. cTomilebis integralia [47]. 
 sasazRvro fenis sisqe, (2.2..2)-is Tanaxmad, 0=x  sibrtyis 
orive mxares  izrdeba drois zrdasTan erTad 
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tc
XD
2
= ,                        (2.2.3) 
xolo magnituri velis difuziis siCqare ki mcirdeba 
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aRsaniSnavia, rom magnituri velis difuziis aseTi sqema 
gamoricxavs deniani fenisadmi normalurad mimarTuli magnituri 
velis XB  komponentis warmoqmnas, ris gamoc principulad 
SeuZlebelia Zalwirebis gadaerTeba. faqtiurad, es aris gareSe 
magnituri velisa da deniani fenis mier generirebuli velis 
urTierT anihilaciis amocana. anihilaciis Sedegad 
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gamoTavisuflebuli magnituri velis energia mTlianad gadadis 
siTburSi, ramac unda gamoiwvios plazmis moZraobis inten-
sifikacia. garda amisa, rogorc (2.2.2)-dan sCans, formalurad 
deniani fenis maxloblobaSi magnituri velis struqturis 
cvlileba mTel sivrces moicavs, Tumca es procesi realurad 
efeqturi mxolod deniani fenis mimdebare sasazRvro fenaSi 
unda iyos. 
     Mmsgavsi warmodgena, oRondac ukve denian fenaze plazmis 
modinebis efeqtis gaTvaliswinebiT, romelic SesabamisobaSia 
magnitosferos mzis qariT garsdenis suraTTan, gamoyenebuli iyo 
ramdenime naSromSi, romlebic eZRvneboda magnitopauzis 
maTematikur modelirebas. magram, am naSromebSi ganixileboda 
mxolod magnitosferos sazRvris dRis mxare, romelsac gaaCnia 
kritikuli wertili da misi Semcveli fokaluri are. cxadia, rom 
magnitosferos garsdenis procesis saTanadod koreqtulad  
modelirebisaTvis aucilebeli iyo kritikuli wertilis mqone 
blagvi sxeulis garsdenisaTvis damaxasiaTebeli specifikuri 
momentebis gaTvaliswineba. magnitosferos garsdenis amocanis 
Sesabamisi mhd gantolebaTa sistemis TviTSeTanxmebuli amocanis 
amoxsna SeuZlebelia. amitom, yvela naSromSi magnituri 
sasazRvro fenis modelirebis dros gamoiyeneboda sayovelTaod 
miRebuli meTodi, roca siCqareTa veli ganisazRvreba wminda 
gazodinamikur miaxloebaSi, an mocemulia romelime kinematikuri 
modeliT. AaseT SemTxvevaSi SesaZlebeli xdeba sasazRvro fenaSi 
magnituri velis ganawilebis topologiuri suraTis miReba 
Jiguliovis I da II gvaris brtyeli magnituri fenebis 
gantolebaTa sistemis amoxsnis saSualebiT [3,13].  
magnitosferos mTavari meridionaluri da ekvatoruli 
kveTebi zustad Seesabameba Jigulevis gantolebebs. meridio-
naluri kveTis SemTxvevaSi, romelic esadageba Jiguliovis 
pirveli gvaris sasazRvro fenas, gvaqvs magnituri velis ori 
komponenta, xolo ekvatorul kveTaSi- magnituri velis erTi 
komponenta, romelic plazmis dinebis sibrtyis perpendikula-
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rulia. u  da v  plazmis siCqaris ganivi da gaswvrivi komponen-
tebia. Cveni amocanidan gamomdinare, zogadad moviyvanoT meri-
dionaluri magnitopauzis Sesabamisi gantolebaTa sistemis 
magnituri nawili 
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aq gamoyenebulia sworkuTxa koordinatTa sistema, romlis x  
RerZi mimarTulia magnitosferos kritikuli wertilidan 
mzisken, xolo y  mogezulia dedamiwis magnituri velis 
sasazRvro Zalwiris gaswvriv.  
im SemTxvevaSi, Tu dedamiwis magnitur vels ganvixilavT 
erTkomponentian miaxloebaSi, rac dasaSvebia magnitosferos 
dRis mxaris centralur nawilSi da polarul kaspebSi, am 
adgilebSi  geomagnituri velis Zalwirebis mcire simrudis gamo, 
gveqneba mxolod erTi, (2.2.6) gantoleba. rogorc aRvniSneT, 
sasazRvro fenis miaxloebaSi  magnitopauzis  modelirebisaTvis, 
e.i. misi sisqisa da masSi magnituri da eleqtruli velebis 
ganawilebis analizuri gamosaxulebebis misaRebad, aucilebelia  
siCqareTa veils mocema, romelime konkretuli kinematikuri 
modeliT an gamartivebuli moZraobis gantolebis amonaxsnebiT. 
qvemoT mocemuli iqneba (2.2.6) gantolebis arastaciona-
ruliAamonaxsnebi iseT pirobebSi, roca siCqareTa veli 
stacionarulia, xolo droze damokidebuleba Semodis magnituri 
siblantis cvlilebis impulsuri xasiaTis gamo. aseTi efeqti 
Seesabameba gardamaval areSi mzis qaris plazmis parametrebis 
cvlilebis eqsperimentalur monacemebs [28,42]. kerZod, dasaSvebia 
plazmis eleqtruli gamtarebloba anu magnituri siblante 
miviCnioT skalarul sidided, saplanetaTaSoriso sivrceSi 
plazmis araerTgvarovnebis didi xazovani masStabebisa da mzis 
qaris Termodinamikuri parametrebis izotropulobis gamo. amis 
66 
gaTvaliswinebiT qvemoT gamoyenebuli iqneba magnituri 
siblantis droSi impulsuri cvlilebis aRmweri sami modeli 
1) )]/sin(1[ 00 τpiβλλ tmm += ;  2) 00
τλλ
t
mm e
−
= , 3) )e(
t
mm
010
τλλ
−
−= ,     (2.2.7) 
 
sadac m0λ - magnituri siblantis maxasiaTebeli mniSvnelobaa, 0τ - 
magnituri siblantis impulsuri cvlilebis maxasiaTebeli dro, 
β -impulsuri gaZlierebis koeficienti. Aadvili SesamCnevia, rom 
bolo ori modeli erTnairi fizikuri bunebisaa da gviCvenebs 
plazmis eleqtruli gamtareblobis  cvlilebas sasrulidan 
idealurisaken da piriqiT. 
magnitosferos kritikuli wertilis maxloblad ukumS-
vadi plazmis siCqareTa velis modelirebisaTvis mosaxerxebelia 
parkeris cnobili kinematikuri modelis gamoyeneba [49] 
 
                  yvxu αα =−= , ,                         (2.2.8) 
sadac 00 lV=α , 0V -plazmis maxasiaTebeli siCqarea gardamaval 
areSi, 0l -magnitosferos sazRvris araerTgvarovnebis xazovani 
masStabi. 
magnituri sasazRvro fenis gantolebis analizuri amoxs-
nisaTvis principuli mniSvneloba aqvs siCqareTa (2.2.8) modelis 
erT Tvisebas. cnobilia, rom stacionarul SemTxvevaSi, aseT 
siCqareTa velSi, nebismieri meTodiT gansazRvruli rogorc 
dinamiuri, aseve magnituri sasazRvro fenis sisqe,  mudmivia. 
amitom, arastacionarul SemTxvevaSi magnituri sasazRvro fenis 
sisqe da masSi magnituri velis ganawileba damokidebuli iqneba 
mxolod  droze da αλ ,0m  da 0τ  parametrebze. am specifikidan 
gamomdinare, romelic magnitosferos garsdenis amocanasTan 
mimarTebaSi fizikurad sruliad koreqtulia,  miuxedavad imisa, 
rom ganixileba arastacionaruli amocana, qvemoT gamoyenebuli 
iqneba Svecis meTodi, da ara misi dobriSmaniseuli   
modifikacia. 
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 1) modelisaTvis (2.2.6) gantoleba miiRebs saxes 
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 miuxedavad imisa, rom amocana arastacionarulia, 
sasazRvro fenis sisqis mxolod droze damokidebulebis gamo 
sakmarisia gamoviyenoT Svecis, da ara dobriSmanis, sqema, rom 
miviRoT magnitopauzis parametrebis analizuri gamosaxulebebi. 
amrigad, (2.2.9)-gantolebis amosaxsnelad mivyveT mimdevrobiTi 
miaxloebis meTods. amoxsnis sqema analogiuri iqneba magnituri 
siblantis danarCeni ori modelisaTvisac. 
CavTvaloT, rom dedamiwis dipoluri magnituri veli 
magnitosferos sazRvarze mudmivia da TandaTanobiT sustdeba 
magnituri sasazRvro fenis ganivad, e.i. Semogvaqvs  magnito-
pauzis sisqe δ . aqedan gamomdinare, (2.2.9) gantolebisaTvis gveq-
neba Semdegi sasazRvro pirobebi  
                
  0HH y = ,  roca 0=x ;    0=yH ,    roca δ=x .     (2.2.10) 
 
Svecis meTodis Tanaxmad (2.2.9) gantolebis amonaxsns veZebT  
jamis saxiT: yyy HHH 21 += , sadac yH1  warmoadgens erTgvarovani 
gantolebis amonaxsns   
               0
2
1
2
=
∂
∂
x
H y
            (2.2.11) 
(2.2.10) sasazRvro pirobebSi.  aqedan miviRebT, rom  ( )δxHH y −= 101 . 
magnituri velis meore miaxloeba ganisazRvreba (2.2.9) 
gantolebidan, romlis marcxena mxareSi gamoiyeneba yH1  
gamosaxuleba. x -iT orjeradi integrirebis Sedegad vRebulobT 
yH 2 , romelic akmayofilebs erTgvarovan sasazRvro pirobebs 
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 02 =yH ,  roca 0=x ;       02 =yH , roca  δ=x .       (2.2.12) 
 
rogorc avRniSneT, parkeris modelSi hidrodinamikuri siCqareTa 
velis komponentebis xazovan koordinatebze wrfivi 
damokidebulebis gamo, magnituri sasazRvro fenis sisqe 
damokidebuli iqneba mxolod droze. rac Seexeba sasazRvro 
fenaSi magnituri velis ganawilebas, mas aqvs Semdegi saxe: 
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sadac Strixi aRniSnavs t -s mixedviT warmoebuls. SedarebisTvis 
difuziur modelSi 210 )4( tmd λδ = , xolo magnituri velis 
ganawileba magnitopauzisaTvis warmodgenilia (2.2.2)-is msgavsi 
formuliT     
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sadac Erfc - cdomilebis funqciis dazustebaa. 
       magnituri sasazRvro fenis sisqis analizuri gamosa-
xuleba miiReba damatebiTi pirobis gamoyenebiT 0=





∂
∂
=δx
y
x
H
, 
romlis fizikuri arsi afiqsirebs, rom magnitopauzis zeda 
sazRvarze maekranirebeli msxvilmasStabovani deni ar arsebobs.  
modeli 1)-is SemTxvevaSi plazmis magnituri siblantis 
impulsuri cvlileba xdeba garkveuli maxasiaTebeli mniSvne-
lobis mimarT, rac niSnavs, rom arsebobs magnituri sasazRvro 
fenis raRaca sawyisi stacionaruli sisqe 0δ , romelic Seesa-
bameba 0=t  sawyis moments. aqedan gamomdinre 
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es gantoleba zogadad miekuTvneba pirveli rigis cvlad 
koeficientebian araerTgvarovan gantolebaTa klass  
    ( ) ( )xQyxpy =+′ ,  
romlis zogadi amonaxsnia 
    ( )[ ] ( )∫∫ ∫ −+= PdxexpCPdxexpdxQy , 
 
sadac C -ganuzomeli mudmiva isazRvreba sawyisi pirobidan [50]. 
amrigad, gveqneba  
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sadac ( ) 21
00
6 αλδ
m
= - magnituri sasazRvro fenis sisqis sawyisi 
mniSvnelobaa ( )0=t . 
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sasazRvro fenis sisqis analizuri gansazRvris Semdeg 
SegviZlia cxadi saxiT miviRoT ara mxolod magnituri velis, 
aramed agreTve sasazRvro fenaSi generirebuli msxvil-
masStabovani eleqtruli velis ganawilebac. amisaTvis SegviZlia 
gamoviyenoT maqsvelis gantoleba 
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 radganac vixilavT erTkomponentian magnitur vels,  
gveqneba eleqtruli velis erTi komponenta, mogezuli 
magnitosferos ekvatorul sibrtyeSi, DCF-zedapiruli magneto-
sferuli denis mimarTulebiT 
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 aRvniSnavT, rom difuziur miaxloebaSi, (2.2.1) gantolebis 
Tanaxmad,  SesaZlebelia (2.2.16) gantolebis marjvena nawilSi 
gamoviyenoT magnituri velis ara droiTi, aramed koordinatis 
mimarT  meore warmoebuli. 
 amrigad, (2.2.17)-dan (2.2.13)-is gamoyenebiT gveqneba  
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raodenobrivi SefasebebisTvis aucilebelia mzis qaris 
parametrebis tipiuri mniSvnelobebis gamoyeneba, magram 
gasaTvaliswinebelia, rom wynari da naklebad SeSfoTebuli 
magnitosferuli pirobebi mkveTrad gansxvavdeba sakmarisad 
SeSfoTebuli pirobebisagan. rodesac Seiqmna dedamiwis 
magnituri sasazRvro fenis Teoriis safuZvlebi, iTvleboda, rom 
mzis qaris magnituri siblantis maxasiaTebeli mniSvneloba 
toli iyo 120 10=mλ sm
2
.wm-1. garda amisa, gasaTvaliwinebeblia mzis 
qaris siCqarisa da araerTgvarovnebis sigrZiTi masStabi, 
romelic magnitosferos dRis mxareze SeiZleba meryeobdes 
dartymiTi talRis frontidan magnitosferos kritikul 
wertilamde manZilsa da magnitosferos sazRvris grZiv masStabs 
Soris //l 109 10102 ÷⋅= sm. Tu aqedan l -is minimalur zomas 
vixmarT, saWiro gaxdeba, rom mzis qaris maxasiaTebeli siCqare 
Seicvalos magnitosferos Subla areSi plazmis maxasiaTebeli 
siCqariT. axali eqsperimentaluri monacemebis Tanaxmad plazmis 
siCqare am areSi daaxloebiT orjer naklebia mzis qaris 
siCqareze magnitosferosTan urTierTqmedebamde [42]. amitom, Tu 
wynari da naklebad SeSfoTebuli magnitosferuli piro-
bebisaTvis magnitosferosTan urTierTqmedebamde 70 104 ⋅=V sm.wm
-1
, 
gardamavali aris sisqis xazovan masStabad gamoyenebisas, anu, 
roca 90 102 ⋅=l sm, koreqtulia vixmaroT sidide 
7
0 102 ⋅=V sm.wm
-1. 
aseT SemTxvevaSi parametri 01000 .Vl ==α .  magnituri siblantis 
periodulad cvlad modelSi gamoyenebuli iyo swored zemoT 
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aRniSnuli mniSvnelobebi, xolo 2) da 3) modelebisaTvis iseTi 
sidideebi, romlebic Seesabamebian araerTgvarovnebis wrfivi 
masStabis maqsimalur zomas da magnituri siblantis maxa-
siaTebeli sididis zRvrul mniSvnelobas: 140 10=mλ sm
2
.wm-1. 
3 da 4-suraTebze naCvenebia δ  da yB  parametrebis droSi 
yofaqcevis xasiaTi (2.2.13) da (2.2.15) formulebis mixedviT Semdegi 
sidideebisaTvis: 120 10=mλ sm2.wm-1, 
210=β , 5000 =τ wm da 01.0=α , 
rasac, rogorc aRvniSneT, Seesabameba 90 102 ⋅=l sm da 
7
0 102 ⋅=V sm.wm
-1
. aRmoCnda, rom periodulad cvladi magnituri 
siblantisaTvis magnituri sasazRvro fenis sisqe ar icvleba 
droSi sinqronulad magnitur siblantesTan erTad. erTi 
SexedviT, aseTi Sedegi moulodnelia, Tumca aSkaraa, rom is 
gamomdinareobs gareSe magnituri velis plazmis mxridan 
ekranirebis efeqtis difuziuri bunebidan, romlisTvisac 
sakmarisia, rom plazmas hqondes sasruli eleqtruli 
gamtarebloba, Tundac is anomalurad maRali iyos. amave dros, 
miuxedavad sasazRvro fenis sisqis inerciulobisa, magnituri 
velis ganawileba magnitur sasazRvro fenaSi drois mimarT  
arsebiTad ar icvleba, radganac inarCunebs praqtikulad 
avtomodelur xasiaTs drois sawyisi momentidan 450≈t -wamamde. 
magram, maxasiaTebel drosTan 5000 =τ wm miaxloebisas yH  
mkveTrad izrdeba, rac, rogorc sCans, ganpirobebulia Svecis 
mimdevrobiTi miaxloebis meTodis gamoyenebis aris SezRudu-
lobiT. gavixsenoT, rom zog SemTxvevaSi iteraciuli mwkrivi 
Svecis mixedviT ganSladia, ramac SeiZleba Tavi iCinos ukve 
mwkrivis pirvel wevrebSi [23,26]. Tumca, logikurad, unda 
gavaanalizoT is variantic, roca magnituri sasazRvro fenis 
arastabilurobas SeiZleba hqondes fizikuri safuZveli, sulac 
kritikuli wertilis maxloblad plazmis siCqareTa velis 
gansakuTrebuli xasiaTis gamo. vgulisxmobT, rom Cveulebriv 
hidrodinamikaSi idealuri siTxis laminaruli dineba absolu-
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turad aramdgradia mcire SeSfoTebebis mimarT. Cveulebrivi 
siTxis SemTxvevaSi dinebas mdgradobas aniWebs kinematikuri 
(meqanikuri) siblante, xolo mhd SemTxvevaSi kinematikuri 
siblantis msgavsi efeqti gaaCnia magnitur siblantes. cxadia, 
rom dinebis mdgradobis sazRvari damokidebulia siblantis 
koeficientebis sidideze. aqedan gamomdinare, sruliad 
SesaZlebelia, rom, Tu siblantis efeqti sakmarisi ar aris, 
moxdes dinebis turbulizacia sasazRvro fenis SigniT. magnitu-
ri sasazRvro fenis SemTxvevaSi turbulizacia exeba ara 
siCqaris ganawilebas sasazRvro fenSi, aramed magnitur vels da 
gamoixateba misi topologiuri suraTis aramdgradobaSi. Tu ki 
magnituri siblantis koeficientis sidide sakmarisi iqneba 
dinebis stabilizaciisaTvis, aramdgradobis CaxSoba moxdeba misi 
ganviTarebis sawyis stadiaSi. sxva SemTxvevaSi aramdgradobis 
ganviTareba daiwyeba iq, sadac siblantis gavlena dinebaze sakma-
risi aRar iqneba. Tu aseT analizs moviSveliebT, periodulad 
cvladi siblantis gavlena dinebis mdgradobaze SeiZleba 
gansxvavebuli iyos, vidre droSi monotonurad cvladi 
magnituri siblantisa. amis mizezi SeiZleba iyos eleqtro-
magnituri induqciis klasikuri efeqti. marTlac, magnitopauzaze 
plazmis eleqtruli gamtareblobis impulsuri cvlilebisas 
drois gansazRvrul momentSi unda CairTos DCF-denis 
induqciuri gaZlierebis meqanizmi, ris Sedegadac moxdeba 
magnituri sasazRvro fenis parametrebis TviTregulacia. cxadia, 
rom periodulad cvladi magnituri siblantis SemTxvevaSi 
zedapirul maekranirebel dens gauCndeba aseve cvladi 
Sesworeba, rac gamoiwvevs induqciuri efeqtis periodulobas im 
fazuri CamorCeniT, romelic damaxasiaTebeli unda iyos 
magnitosferos magnituri sasazRvro fenisaTvis. am efeqts 
gaaCnia sruli analogia siTbogamtarobis TeoriaSi. kerZod, 
cnobilia, rom roca siTbogamtarobis (an temperature-
amtareblobis) koeficienti cvladia, siTbur sasazRvro fens 
difuziur miaxloebaSi axasiaTebs inerciuloba. es efeqti 
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kargad aris Seswavlili Teoriulad da farTod gamoiyeneba 
teqnikaSi [51,52]. rac Seexeba mhd sasazRvro fens, inerciis efeqti 
masSi jer kidev gamosakvlevia, rac sakmaod rTuli amocanaa, Tu 
gaviTvaliswinebT mhd SemTxvevaSi SesaZlo fizikuri efeqtebis 
mravalferovnebas. amas ukavSirdeba agreTve realobasTan 
maqsimalurad adeqvaturi magnituri siblantis koeficientis  
maTematikuri modelirebis problemac. 
     igive gziT, (2.2.13) ganawilebis msgavsad, Svecis mimdevrobiTi 
miaxloebis meTodiT, miviRebT magnituri siblantis 2) da 3) 
modelebis Sesabamis magnituri velis Semdeg ganawilebebs 
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magnituri sasazRvro fenis sisqe ganisazRvreba ukve cnobili 
pirobidan 0=
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2) modelisaTvis magnituri sasazRvro fenis sawyisi sisqe, 
roca 0=t ,  ( ) 21100 6 −= αλδ m . e.i. am SemTxvevaSi, 1) modelis 
msgavsad, magnitur sasazRvro fenas apriori gaaCnia raRac sisqe. 
3) modelis SemTxvevaSi 00 =δ , roca 0=t . rogorc vxedavT,  roca 
∞→t , 2) modeli iZleva 0→δ , xolo 3) modeli- 0δδ → , romelic 
emTxveva 2) modelis sawyis sisqes ( ) 21100 6 −= αλδ m . 
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2) da 3) variantebis  ricxviTi analizisaTvis, gansxvavebiT 
1) modelisagan, gamoviyenoT saWiro parametrebis sxva 
mniSvnelobebi. am SemTxvevebSi fizikurad gamarTlebulia 
magnitosferos dRis mxaris mTeli sazRvris maxasiaTebeli 
sidideebis gamoyeneba. amrigad, formalurad 1) modeli 
misadagebulia magnitosferos Subla areze, sadac maqsimalurad 
iCens Tavs magnitosferos dedamiwis magnituri velis ganapira 
Zalwirebis perioduli deformaciebi [53], romelTac SeiZleba 
gavlena hqondeT magnitur siblanteze. nax.5-ze mocemulia magni-
turi sasazRvro fenis sisqis droSi yofaqcevis xasiaTi mzis 
qaris parametrebis zeda mniSvnelobebis nakrebisaTvis, anu roca 
5000 =τ wm, 
7
0 104 ⋅=V sm/wm, 
10
0 10=l sm, 
14
0 10=mλ sm2/wm. rogorc 
aRvniSneT, aseTi sidideebi  damaxasiaTebelia wynari da naklebad 
SeSfoTebuli mzis qarisaTvis [3].  
 
 
 
 
 
 
 
 
 
 
 
magnituri velis daZabulobis gansazRvris Semdeg magnito-
pauzaze generirebuli msxvilmasStabovani eleqtruli velis 
ganawileba, msgavsad (2.2.18)-sa, miiReba (2.2.17)-dan. magram, arsebobs 
agreTve sxva gzac, Tu omis kanonSi denis simkvrive 
ganisazRvreba maqsvelis im gantolebis daxmarebiT, romelic 
amyarebs kavSirs denis simkvrivesa da magnituri velis grigals 
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magnitur sasazRvro fenaSi eleqtromagnituri dreifis 
maxasiaTebeli siCqare, magnituri siblantis orive modelisaTvis, 
mzis qaris parametrebis ukve gamoyenebuli nakrebisaTvis, roca 
4
0 104
−⋅=H gs (dedamiwis dipoluri magnituri velis 
gaormagebuli maxasiaTebeli mniSvneloba magnitosferos 
kritikuli wertilis maxloblad), icvleba diapazonSi 
[ ]65 1010 ÷=dV sm.wm 1− . aRsaniSnavia, rom aseTi sidideebi praqtiku-
lad emTxveva magnitosferos winamdebare mdgar zonaSi mzis 
qaris plazmis hidrodinamikuri siCqaris maxasiaTebel sidideebs 
[3]. miuxedavad imisa, rom omis kanonSi dro cxadi saxiT ar 
monawileobs, masSi mainc SeiZleba gaviTvaliswinoT plazmis 
eleqtruli gamtareblobis droSi impulsuri cvlilebs xasiaTi, 
risTvisac sakmarisia gardavqmnaT formula (2.2.23) parkeris 
modelisa da magnituri siblantis droSi monotonuri 
cvlilebis 2) da 3) modelebis gamoyenebiT 
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(2.2.25) da (2.2.26.) formulebi erTmaneTisagan gansxvavdeba, Tumca 
ricxviTi Sefasebebi aCvenebs, rom yvela SemTxvevaSi zE -is 
cvlilebis intervali sakmaod viwroa. nax.6-ze mocemulia 
sasazRvro fenaSi eleqtruli veliT ganpirobebuli dreifis 
siCqaris cvlileba drois sxvadasxva momentisaTvis.  
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nax.7. gviCvenebs magnituri sasazRvro fenis sxvadasxva doneze 
eleqtruli velis droSi cvlilebis xasiaTs. cxadia, rom 
msgavsi Sedegi miiReba mzis qaris eleqtruli gamtareblobis 
impulsuri cvlilebis  1) modelis mixedviTac.   
amrigad, SeiZleba gakeTdes Semdegi daskvnebi:  
1. mzis qaris magnituri siblantis (eleqtruli 
gamtareblobis) impulsuri cvlilebis samive modelis 
farglebSi magnitosferos dRis mxareze magnitur 
sasazRvro fenaSi (magnitopauza) generirebuli arasta-
cionaruli eleqtruli veli Tanabrad ganisazRvreba 
magnituri velis cvlilebebiTa da plazmis adveqciiT; 
2. eleqtruli veli magnitur sasazRvro fenaSi icvleba 
sakmaod farTo intervalSi; magaliTad, 2) da 3) 
modelebisaTvis maxasiaTebeli sidideebia 
//E z
76 1010 −− ÷= -1v.sm ; es Sedegebi azusteben raodenobriv 
informacias, romelic adre iyo miRebuli magnitosferos 
soliseburi modelis gamoyenebiT [3].  
3. magnituri siblantis impulsuri cvlilebis yvela  
modelSi plazmis eleqromagnituri dreifis siCqare 
magnitopauzaze ar aRemateba mzis qaris siCqares 
magnitosferos winamdebare mdgar zonaSi;  Tu mkacrad 
vimsjelebT, magnitosferos kritikuli wertilis 
maxloblad 2) da 3) modelebisaTvis samarTliani ar aris 
erTsiTxiani magnituri hidrodinamikis miaxloeba.  
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Tavi III. magnitosferos mdgari zonis magnituri struqtura 
topologiuri formalizmis CarCoebSi da 
magnitogradientuli talRebi 
3.1. saplanetaTaSoriso magnituri velisa da 
geomagnituri  velis Zalwirebis gadaerTebis 
movlena algebruli mrudebis topologiuri 
formalizmis CarCoebSi 
plazmur garemoSi sxvadasxva wyaroebis mier generi-
rebuli magnituri velebis gadaerTebisaTvis aucileblad unda 
dakmayofildes ori piroba: 1) garemos unda gaaCndes sasruli 
eleqtruli gamtarebloba, e.i. magniturad blanti unda iyos; 2) 
gadaerTebis iniciaciisaTvis aucilebelia Tanazomadi inten-
sivobis mqone, antiparalelurad mimarTuli magnituri velebis 
arseboba. orive es piroba sistematurad kmayofildeba magneto-
sferos gardamaval areSi, sadac mzis qaris plazma iZens 
disipaciuri garemos Tvisebebs. garda amisa, saplanetaTaSoriso 
magnitur vels, romelic magnitopauzaze kontaqtSi Semodis 
geomagnitur velTan, SeiZleba gaaCndes sakmarisad intensiuri 
samxreTis mdgeneli  (B z <0). 
 rogorc viciT, geomagnituri velisa da smv-s Zalwirebis 
gadaerTeba gansakuTrebiT albaTuria magnitosferos Subla 
areSi, misi kritikuli wertilis maxloblad. iTvleba, rom 
gadaerTebis Sedegad adgili aqvs magnitosferos sazRvris 
erozias, rac SesaZlebelia mxolod im SemTxvevaSi, Tu ki 
sivrcis am nawilSi gadaerTebas win uswrebs antiparaleluri 
magnituri velebis anihilacia. eroziis Sedegad mzis qaris 
damuxtuli nawilakebi yovelgvari dabrkolebis gareSe aRweven 
magnitosferos siRrmeSi, sadac, gadanawildebian ra sxvadasxva 
struqturul warmonaqmnebSi, Secvlian Sidamagnitosferuli 
plazmis energetikul speqtrs da gamoiwveven iq mimdinare 
fizikuri procesebis intensifikacias. amas, Zalwirebis 
gadaerTebasTan TiTqmis erTdroulad, daaxlobiT 20-30 wuTis 
dagvianebiT, mosdevs gamoZaxili polarul areSi, plazmo-
sferoSi da ionosferoSi, romlis Sedegebic dedamiwaze 
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daimzireba mravalferovani geomagnituri da eleqtromagnituri 
movlenebis saxiT. maT Soris gansakuTrebiT yovlismomcvelia, 
Tanmdevi efeqtebis TvalsazrisiT, globaluri geomagnituri 
qariSxlebi [11,14,18]. Tumca, gadaerTebis procesis Sedegad 
SesaZlebelia agreTve iseTi viTarebis Camoyalibebac, roca 
magnitosferos energetikuli mdgomareoba ar ganicdis gansakuT-
rebul SeSfoTebas. es niSnavs, rom sruliadac ar aris 
savaldebulo, rom gadaerTebam gamoiwvios magnitosferos 
sazRvris erozia da misi energomomaragebis gansakuTrebiT 
mZlavri arxis gaxsna. aseT SemTxvevaSi SeiZleba adgili hqondes 
mxolod maRalganedovani subqariSxlebis serias (cugebs) da 
romelime konkretuli tipis geomagnituri pulsaciis generacias, 
an Sidamagnitosferuli metad dabali da ukiduresad dabali 
sixSiris eleqtromagnituri talRebis intensifikacias. ukanask-
neli movlenebi globalur geomagnitur qariSxalTan SedarebiT 
gacilebiT ufro nakleb energias moiTxoven da dakavSirebulni 
arian magnitosferul-ionosferuli polaruli denTa sistemis 
gaZlierebasTan. SesaZlebelia agreTve magnitosferos, rogorc 
dabali sixSiris magnitomeqanikuri rxevebis rezonatoris, 
gaaqtiurebasTan da plazmosferoSi eleqtronul-ciklotro-
nuli aramdgradobis aRZvrasTan. iTvleboda, rom yoveli 
calkeuli gadaerTebis aqtisaTvis unda arsebobuliyo smv-s 
samxreTi mdgenelis zRurbluri mniSvneloba B z<0, damokidebu-
li mocemul momentSi mzis qarisa da magnitopauzis paramet-
rebis konkretul nakrebze. dReisaTvis eqsperimentalurad 
sruli saimedoobiT dadasturebulia, rom gadaerTebas SeiZleba 
adgili hqondes Zalian mcire intensivobis  zB - is SemTxvevaSic.  
magram, rogorc sCans, aseT dros plazmas unda gaaCndes 
anomalurad maRali eleqtruli winaRoba, romelis arseboba 
xanmokle, impulsuri bunebis unda iyos. winaaRmdeg SemTxvevaSi, 
anu, Tu mzis qaris winaRoba yovelTvis anomalurad dabali rom 
iyos, magnitosferos sazRvarze adgili eqneboda mxolod 
stacionarul gadaerTebas. oRondac, am dros gveqneboda 
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permanentulad SeSfoTebuli magnitosfero, anu ar iarsebebda 
wynari geomagnituri foni, ganpirobebuli kvaziblanti urTierT-
qmedebiTa da susti stacionaruli gadaerTebiT, romelic 
uwyvetad mimdinareobs mzis qaris normaluri eleqtruli 
gamtareblobis dros. SeiZleba vivaraudoT, rom normalur 
pirobebSi, e.i. wynari da naklebad SeSfoTebuli mzis qari-
saTvis, susti stacionaruli gadaerTebis  sawyis etapze 
magnituri velis anihilaciis are imdenad SezRudulia, rom 
gadaerTebis Sedegad miRebuli magnituri struqturis konfi-
guracia xels ar uwyobs damuxtuli nawilakebis zvavisebur 
SemoWras magnitosferoSi, sawinaaRdegod imisa, rac axasiaTebs 
impulsur gadaerTebas. am hipoTezis dasadastureblad qvemoT 
gamoyenebulia topologiuri formalizmi, romelSic gadaer-
Tebis procesis geometriuli mxare SeiZleba sakmarisad 
martivad aRiweros algebruli mrudebis Teoriis CarCoebSi. 
kerZod, Cvens amocanaSi gamoyenebulia rogorc magnitosferos 
sasazRvro Zalwirebis, aseve smv-s Zalwirebis aproqsimacia 
principSi nebismierad SerCeuli algebruli mrudebiT, romelTa 
klasi imdenad  farToa, ramdenadac variabeluria magnito-
sferos dRis mxaris mTavari meridionaluri kveTis konfi-
guracia. 
SemovitanoT sworkuTxa sivrculi koordinatTa sistema 
saTaviT wagrZelebuli brunvis elifsoidis centrSi, romelic 
gaigivebulia SeuSfoTebeli magnitosferos dRis mxaresTan. 
davamTxvioT xoz  sibrtye magnitosferos centraluri meridio-
naluri kveTis sibrtyes. RerZi x , romlis mimarTulebiTac gan-
lagebulia elifsoidis erTerTi mcire RerZi, mimarTulia 
mzisken. dedamiwa da magnitosferos kritikuli wertili 
ganlagebulia am RerZis ukidures wertilebSi, xolo elif-
soidis kveTis konturi emTxveva geomagnituri velis centralur 
sasazRvro Zalwirs (nax.8). sigrZis erTeulad miviRoT mcire 
naxevarRerZebi x  da y  mimarTulebiT, romlebic erTmaneTis to-
lad iTvleba. z -is  mimarTulebiT mogezuli didi naxevarRerZis 
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sidide damokidebulia magnitosferos dRis mxaris SeWyle-
tilobis xarisxze  (mzis qaris wnevaze). aseTi elifsoidi 
aRiwereba gantolebiT 
 
 
 
 
 
 
 
                     ( ) ,azyxz,y,xA 01222 =−++=                (3.1.1) 
sadac a 1< -elifsoidis didi RerZis kvadratis Sebrunebuli 
sididea. 
qvemoT moyvanili msjeloba Catarebulia magnitosferos 
konturisaTvis ( )zxF ,0, , romelic formalurad warmoadgens 
geomagnituri velis veqtor-potencialis y  komponentis Sesabamis 
mruds. es niSnavs, rom geomagnituri velis daZabulobis 
(induqciis) veqtoris x  da z  komponentebi magnitosferos sazR-
varze unda ganisazRvros Semdegi gamosaxulebebidan  
                     
z
F
HH x ∂
∂
−= 0 ,
x
F
HH z ∂
∂
= 0 ,                   (3.1.2) 
sadac 0H -geomagnituri velis daZabulobis maxasiaTebeli 
mniSvnelobaa magnitosferos sazRvarze, romelic gamoiTvleba 
dipoluri modelidan, x  da z -magnitosferos dRis mxaris maap-
roqsimirebeli elifsoidis mcire naxevarRerZze normirebuli 
ganuzomeli cvladebia. 
magnitosferos sazRvarze gadaerTebis process Cveuleb-
riv win uswrebs mzis qaris dinamiuri wnevis zrda. amitom, 
Sesabamisad unda Seicvalos magnitosferos dRis mxaris 
sazRvris maaproqsimirebeli mrudebis analizuri saxe. 
nax.8. 
magnitosferos dRis mxaris centraluri 
meridionaluri kveTa 
 
y 
z 
dedamiwa 
mze 
(1,0,0) 
x 
(-1,0,0) 
0 
magnitosferos 
Subla wertili 
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bunebrivia CavTvaloT, rom axali mrudebi SeinarCuneben 
msgavsebas elifsuri formis mqone Tavdapirvel mrudebTan. 
aSkara, rom  axali mrudebis analizuri saxis arCevisas 
arsebobs garkveuli Tavisufleba, romelic fizikurad dakav-
Sirebulia magnitosferos formis sistematur, garkveulwilad 
qaotiur, cvlilebebTan. modelis Semdgomi koreqtulobisaTvis, 
elifsTan msgavsebis Senaxvis garda, mniSvnelovania erTi dama-
tebiTi pirobis dakmayofileba, romelsac aucileblad unda 
daemorCilos centraluri wiri da, SesaZloa, masTan axlo 
ganlagebuli sxva wirebic 
             0=
∂
∂
=
∂
∂
z
F
x
F
,       roca 1=x , 0=z .                                 (3.1.3) 
fizikuri TvalsazrisiT, (3.1.2) pirobis Tanaxmad, (3.1.3) 
niSnavs magnituri velis anihilacias magnitosferos Subla 
wertilSi, rac aucileblad win unda uswrebdes dedamiwis 
magnituri velisa da geomagnituri velis gadaerTebis movlenas. 
topologiuri formalizmidan gamomdinare, SeiZleba CavTvaloT, 
rom, Tu postulirebulia wertilovani anihilacia, gadaerTebis 
Sedegad adgili ar eqneba magnitosferos sazRvris erozias. 
realurad es niSnavs, rom anihilaciis are imdenad mcire 
zomisaa, rom magnitosferos sazRvaris masStaburi erozia 
gamoricxulia. aqedan gamodis, rom gadaerTebis Semdeg 
Camoyalibebuli axali magnituri zedapiri met-naklebad 
stabiluria da iseTi Caketili konfiguraciis mqonea, rom ar 
Seaqvs mniSvnelovani SeSfoTeba magnitosferos fokaluri aris 
struqturaSi, e.i. gardamavali aris im nawilSi, romelSic 
maqsimalurad albaTuria anomaluri winaRobis efeqtis 
ganviTareba. (3.1.3) pirobis dakmayofileba mxolod erT wertilSi 
(magnitosferos kritikul wertilSi) formalurad ar zRudavs 
amocanis zogadobas. marTlac, Tu am pirobas akmayofilebs, 
centraluri wiris garda, kritikuli wertilis maxlobeli sxva 
wirebis ojaxi, maSin anihilaciis (gadaerTebis) wertilis 
magivrad gveqneba gadaerTebis xazi, mogezuli y .-is 
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mimarTulebiT. aRvniSnavT, rom msjelobisaTvis gansakuTrebuli 
mniSvneloba ara aqvs, Tu rogor moxda magnituri velis 
anihilacia. principSi, es movlena SesaZlebelia moxdes ara 
mxolod sakmarisad intensiuri smv-s samxreTi mdgenelis 
arsebobis pirobebSi, aramed magnitosferos winamdebare 
Capliginis mdgari zonis fuZeSi magnituri velis 
gansakuTrebuli topologiis gamoc. kerZod, mdgari zonis 
sazRvarze koncentruli magnituri maryuJebis modeli uSvebs 
geomagnituri velis anihilaciis SesaZleblobas magnitosferos 
kritikuli wertilis maxloeblobaSi [54].   
 algebruli mrudebis Teoriidan cnobilia, rom wertili, 
romelSic sruldeba piroba (3.1.3), warmoadgens gansakuTrebul 
wertils, romlis tipi damokidebulia diskriminantis niSanze 
[55,56]  
                  
2
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                          (3.1.4) 
zogad SemTxvevaSi meore rigis mruds SeiZleba gaaCndes sami 
tipis gansakuTrebuli wertili: a) gansakuTrebuli wertili, 
romelSic mrudi Tavis Tavs kveTs, rac niSnavs, rom gvaqvs 
WeSmariti kvanZi  ( 0<∆ ); b) wertili, romelSic mruds gaaCnia 
niskarti ( 0=∆ ); g) izolirebuli gansakuTrebuli wertili, 
romelic mruds ar ekuTvnis, e.i. warmosaxviTi (moCvenebiTi) 
kvanZi ( 0>∆ ). aSkaraa, rom Cvens modelSi gansakuTrebuli 
wertilebis maTematikurad SesaZlebeli variantebis realizacia 
dakavSirebulia fizikur realobasTan maTi adeqvturobis 
xarisxTan. aqedan gamomdinare, moviTxovoT, rom geomagnituri 
velis sasazRvro centralur Zalwirs gansakuTrebul wertilSi 
(kritikuli wertili) gaaCndes WeSmariti kvanZi. 
 
 
 
a) b) g)
nax.9. 
meore rigis algebruli mrudebis gansakuTrebuli wertilebi  
a) maryuJi; b )niskarti;  g)warmosaxviTi (moCvenebiTi) kvanZi. 
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elifsis msgavsi mrudebis mravalsaxeobidan SevarCioT 
iseTi sacdeli mrudi, romelic akmayofilebs pirobebs (3.1.1) da 
(3.1.3), Tanac warmoadgens SeuSfoTebeli magnitosferos dRis 
mxaris centraluri meridionaluri kveTis sakmaod karg 
aproqsimacias. aseT pirobebs akmayofilebs, magaliTad, mrudi  
           017,0cos22),( 22 =−+−−= zxxxzxF pi   .                             (3.1.5) 
algebruli mrudis gansakuTrebul wertilSi WeSmariti kvanZis 
arsebobis kriteriumia utoloba  [55]    
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,                                          (3.1.6) 
 
romelsac marTlac akmayofilebs mrudi (3.1.5) wertilSi (1,0). 
amrigad, algebruli mrudebis formalizmidan gamodis, 
rom brtyel miaxloebaSi, kritikul wertilSi geomagnituri 
velis smv-Tan anihilaciis Sedegad SesaZlebelia miviRoT 
Caketili mrudi. Tu gadavalT sivrcul warmodgenaze, SegviZlia 
vivaraudoT, rom magnitosferos fokalur areSi SesaZlebelia 
iseTi magnituri zedapiris warmoqmna, romlis garkveul droSi 
stacionarulad arseboba, TiTqos da, SeuZlebeli unda iyos 
magnituri velis saboloo topologiur suraTSi smv-s 
Zalwirebis cxadad CarTvis gareSe. sinamdvileSi, fokalur 
areSi, wynar da naklebad SeSfoTebul magnitosferul 
pirobebSi, magnitopauzaze adgili aqvs smv-sa da geomagnituri 
velis Zalwirebis permanentul Serwymas, oRondac, magnito-
sferul masStabebTan SedarebiT, gacilebiT ufro mcire 
zomebis mqone areSi. swored aseTia stacionaruli gadaerTebis 
sqema, romelsac garkveulwilad adasturebs Cvens mier 
gamoyenebuli algebruli mrudebis  modeli. 
 dReisaTvis udavoa, rom magnituri velis Zalwirebis 
Serwymis orive meqanizmi, gadaerTeba da anihilacia, warmoad-
genen erTi da igive  fenomenis sxvadasxva waxnagebs, da ara 
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gansxvavebuli fizikuri bunebis mqone procesebs [42,57].                                                                                                                                                  
amasTan dakavSirebiT gansakuTrebiT mniSvnelovania, rom 
gadaerTebis procesi SeiZleba im SemTxvevaSic ganviTardes, Tu 
adgili ar aqvs, Tundac Zalian mcire masStabebSi, magnituri 
velis anahilacias. es niSnavs, rom gadaerTeba SeiZleba moxdes 
iseT wertilebSi, sadac magnituri veli yovelTvis sasruli 
sididis aris. aseTi saxis gadaerTebis energetikuli Sedegi 
SeiZleba umniSvnelo iyos imdenad, rom ar gamoiwvios 
Sidamagnitosferuli struqturebis SeSfoTeba an magnitosferos 
sazRvarze magnituri velis bifurkacia (struqturis gadawyoba)  
[58].   
      sxvadasxva sawyis pirobebSi ganviTarebuli  gadaerTebis 
urTierT alternatiuli variantebis Sedegebs Soris 
gansxvavebis aRmoCena marto plazmis energetikuli speqtris an 
magnitosferuli denTa sistemis intensifikaciis saSualebiT, 
zogjer SeuZlebelia. aseTi situaciis  klasikuri magaliTia 
magnitopauza, romlis sazRvarze Zalwirebis gadaerTebis Tu 
anihilaciis Sedegad generirebuli eleqtruli velebis 
moqmedebis gamo xdeba plazmis nawilakebis aCqareba, anu icvleba 
mzis qaris nawilakebis energetikuli speqtri. Sedegs Cven 
vxedavT Sidamagnitosferuli struqturebis SeSfoTebaSi, rasac 
Tan mosdevs mravalferovani geomagnituri da eleqtromagnituri 
movlenebi. magram,  post-faqtum, gadaerTebam Tu anihilaciam 
gaxsna magnitosferos energomomaragebis damatebiTi arxi, 
viTarebis diagnostireba SeuZlebelia. principSi, bunebriv 
magnitur warmonaqmnSi mimdinare procesebis dinamikis Tval-
sazrisiT, amis gansakuTrebuli aucilebloba ar arsebobs. sxva 
saqmea laboratoriuli plazma, magaliTad, xelovnuri Termo-
birTvuli sinTezis danadgarebSi. aq zemoTaRniSnuli sakiTxi 
principulobas iZens, ramdenadac arsebobs ori mTavari 
problema: danadgarebSi plazmis Sekavebisa da siTburi energiis 
moxsnis. pirvelisaTvis principulia gadaerTebis efeqti, xolo 
meorisaTvis- magnituri velebis anihilacia. 
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rogorc ukve aRniSnuli iyo, srulebiTac ar aris 
savaldebulo, rom gadaerTebam gamoiwvios magnitosferos 
sazRvris erozia, rasac unda mohyves mzis qaridan 
magnitosferosken mimarTuli axali energetikuli arxis 
amoqmedeba. rac Seexeba magnitosferos fokalur areSi Caketili  
magnituri struqturis SesaZlo zomebs, algebruli mrudebis 
formalizmis farglebSi maTi dadgena SeuZlebelia. uxeSi 
SefasebebisaTvis albaT gamodgeba Capliginis mdgari zonis 
modeli, Tu davuSvebT, rom mdgar zonis zedapirze da mis 
SigniT SeiZleba arsebobdnen gansxvavebuli magnituri struq-
turebi. aris kidev erTi fizikuri piroba, mzis qaris plazmis 
mier geomagnituri velis ekranirebis efeqti, romelic agreTve 
SeiZleba gamoyenebuli iyos raodenobrivi SefasebebisaTvis. Tu 
am efeqts moviSveliebT, SeiZleba vivaraudoT, rom WeSmariti 
kvanZis zoma x -is mimarTulebiT magnitopauzis sisqis Tanazo-
madi unda iyos  (nax.10). amitom, masSi CaWerili plazmis odenoba 
sakmaod mcirea, xolo energetikuli speqtri- mzis qaris 
energetikuli speqtris Sesabamisi, Tu ki ar moxda  raime 
mizezis gamo am ukanasknelis cvlileba. amis mizezi SeiZleba 
iyos mzis qaris wnevis mkveTri cvlileba, rasac Tu daemata 
samxreTis mimarTulebis smv, SeiZleba mohyves kritikuli 
wertilis maxloblad magnitosferos sazRvris gaxsna im sqemiT, 
rogoric mocemulia nax.11 -ze. gamodis, rom arsebobs impulsuri 
gadaerTebis meore, energetikuli TvalsazrisiT sakmaod susti 
varianti, romlis relizaciis SemTxvevaSi SeiZleba sulac ar 
hqondes adgili magnitosferos sazRvris masStabur erozias.  
aseT gadaerTebas wesiT ar unda mohyves iseTi energotevadi 
efeqti, rogoricaa globaluri geomagnituri qariSxali, Tumca 
magnituri maryuJis SekumSvis Sedegad energizirebulma 
eleqtronebma SeiZleba plazmosferoSi moxvedris SemTxvevaSi 
gamoiwvion ciklotronuli aramdgradobs aRZvra Sidamagnito-
sferul plazmaSi. am efeqtis  Sedegi ionosferul doneebze da 
dedamiwis zedapirze metad dabali da ukiduresad dabali 
88 
eleqtromagnituri gamosxivebis (mds da uds gamosxiveba) saxiT 
vlindeba, risTvisac aucilebelia plazmur speqtrSi 10-30kev 
energiis eleqtronebis arseboba. naCvenebi iyo, rom aseTi ram 
SesaZlebelia mdgari zonis adiabaturi SekumSvis Sedegad, rac 
agreTve magnituri maryuJis SekumSvasac niSnavs [59].  
 
 
 
 
                                               
 
 
 
raTa algebruli mrudebis formalizmis CarCoebSi 
topologiurad koreqtuli iyos situacia, roca gadaerTebis 
Sedegad magnitosferos sazRvarze ixsneba magnitosferos 
energomomaragebis axali arxi, saWiroa kritikuli wertilis 
maxloblad anhilaciis sqemaSi cxadad CairTos smv-s Zalwirebi. 
amisaTvis sakmarisia postulirebuli iyos, rom kritikul 
wertilSi geomagnituri velis ZalwirTan SexebaSi myof smv-s 
Zalwirs am wertilSi gaaCnia a) an b) tipis gansakuTrebuloba. 
radganac aq gadaerTebis movlenas mxolod Tvisibrivad 
ganxilavT, kvlav ZalaSi rCeba piroba geomagnituri veqtor-
potencialisa da smv-s Zalwirebis Sesabamisi algebruli 
mrudebis SerCevisas TavisuflebisTan da maTi analitikuri 
saxis mravalferovnebasTan dakavSirebiT. amis demonstracias 
warmoadgens naxevradkuburi parabolis erTerTi saxe, romliTac 
SeiZleba smv-s Zalwiris aproqsimacia 
                                      01223 =+−+−=Φ xxbz                            (3.1.6) 
sadac 1<b .  
y 
nax.10 
.gadaerTebis aracxadi sqema 
1-geomagnituri velis centraluri sasazRvro Zalwiri 
z 
x 
0 
1 1 
1 1 
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nax.11-ze mocemulia (1,0,0) wertilSi niskartis tipis 
gansakuTrebulobis mqone, (3.1.6) mrudis simravlidan erTi kerZo 
saxis mrudis ( 05.0=b )  (3.1.4) mrudTan gadakervis sqema  
 
 
 
 
  
 
 
 
rogorc sCans, Cvens mier SerCeuli (3.1.6) parabolis erT-erTi 
Sto warmoadgens magnitosferos centralur areSi smv-s 
Zalwiris damuxruWebisa da magnitur maryuJTan gadaerTebis 
gamo gawyvetis Sedegad misi nawilebis gardamavali aris 
periferiebisaken Casrialebis (Cacurebis) efeqtis sakmaod karg 
geometriul aproqsimacias. es SemTxveva warmoadgens im 
situaciis magaliTs, roca gadaerTeba xdeba iseT wertilSi, 
romelSic magnituri veli nulisagan gansxvavebulia. marTlac, 
nax.11.-dan sCans, rom gadaerTebis wertilSi gvaqvs ori niskarti. 
magnituri velis topologia iseTia, rom erTi niskartis wverSi 
magnituri veli anihilirebulia, xolo meore niskartSi, 
romelSic isrebi erTnairi mimarTulebisaa, magnituri veli 
Zlierdeba.   
   
y 
nax.11. 
gadaerTebis cxadi sqema 
1. geomagnituri velis centraluri sasazRvro Zalwiri; 
2. mzis qaris Zalwiri. 
0 z 
x 
2 2 
1 1 
1 1 
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3.2 mdgari zonis magnituri zedapiris topologia 
 gardamaval areSi mdgari zonis modelis Tanaxmad 
magnitosferos kritikuli wertili icvleba sasruli zomebis 
mqone plazmiT, romlis siCqare ugulvebelyofilia magnito-
sferosTan urTierTqmedebamde mzis qaris  0
→
V  siCqaresTan Sedare-
biT. meorenairad, mdgari zona SeiZleba gavaigiveoT fokalur 
aresTan, romlis zomebi pirobiTia da damokidebulia hidrodi-
namikuri garsdenis amocanis specifikaze. Capliginis analizuri 
amonaxsnis upiratesoba, kritikuli wertilis problemasTan 
dakavSirebuli sxva amocanebis amonaxsnebTan SedarebiT, swored 
imaSia, rom misi saSualebiT isazRvreba mdgari zonis xazovani 
maxasiaTeblebi, e.i. fuZis sigane da simaRle, agreTve mzis qaris 
plazmis  
 
 
 
 
 
 
 
 
 
siCqare 1
→
V  mis gverdiT zedapirze. naCvenebi iyo, rom magnito-
sferos winamdebare mdgari zonis aproqsimacias warmoadgens 
konusuri zedapiri, romlis gaSlis kuTxis zeda sazRvari  090 -
ia. 
Tu mkacrad vimsjelebT, magnitosferos garsdenis 
amocana Tavisi bunebiT magnitohidrodinamikuria. Tumca, 
sayovelTaod miRebulia, rom pirvel miaxloebaSi magneto-
sferos garsdena ganxiluli iyos magnituri efeqtebis gareSe, 
e.i. gazodinamikur miaxloebaSi. miuxedavad amisa, rodesac 
sakiTxi exeba magnitopauzas, an mdgari zonis mdgradobas mzis 
kritikuli wertili 
magnitosferos sazRvari 
stagnaciis zona 
z 
1
→
V  
gansakuTrebuli wertili 
1
→
V  
0
→
B  
z 
α  
0
→
V  
nax.12. 
mdgari zonis sqema 
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qarSi gavrcelebuli SeSfoTebebis mimarT, aucilebelia 
ganvixiloT misi magnituri struqtura. kerZod, am mizniT 
agebuli iyo toroidaluri modeli, romelic gulisxmobs 
koncentruli magnituri maryuJebiT moqsovili struqturis 
arsebobas mdgari zonis zedapirze [54]. am modelis maTematikuri 
safuZvelia difundirebadi elementis droSi gavrcelebis 
gantoleba, romelic qvemoT mocemulia aqsialuri simetriis 
SemTxvevaSi, anu roca azimutaluri magnituri veli 
damokidebulia, drois garda, mxolod radialur koordinataze, 
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romlisTvisac arsebobs cnobili analizuri amonaxsni [60] 
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romelic akmayofilebs sasazRvro pirobebs 
             0=ϕB , roca 0=t , 
)t(BB ϕϕ 0= ,  roca 0=r   .                    (3.2.3) 
(3.2.1) amonaxsnidan miiReba magnituri velis sidide mdgari 
zonis simetriis RerZze, anu roca 0→r   
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am amocanaSi gansakuTrebiT mniSvnelovania is, rom (3.2.2)-
is  droSi yofaqcevas mniSvnelovanwilad gansazRvravs uganzo-
milebo parametri 2RtT mλ= , romelzedac damokidebulia 
magnituri velis difuziis siCqare. mdgari zonis fuZeSi, 
romlis maqsimaluri radialuri xazovani zoma 9102 ⋅=R sm, 
difundirebadi elementis (magnituri velis) stacionaruli 
ganawileba myardeba mas Semdeg, roca Sesruldeba piroba 40,T ≥ . 
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Tu gamoviyenebT gardamaval areSi plazmis magnituri siblantis 
anomalur sidideebs (ix. §.2.1) [ ]1514 1010 −=mλ sm2wm-1, miviRebT, rom 
difuziis maxasiaTebeli dro [ ]430 10611061 ⋅−⋅≈ ,,t wm. es Sedegi 
ormagad sainteresoa, radganac, gansxvavebiT Zveli Sefasebe-
bisagan, romlebic Seesabamebin mzis qaris ramdenime rigiT ufro 
maRal eleqtrul gamtareblobas, gamodis, rom SeSfoTebebis 
Sedegad mdgari zonis struqturis stabilizacia SeiZleba 
globaluri magnitosferuli SeSfoTebebisaTvis damaxasiaTebel 
droebTan SedarebiT mcire droSi moxdes [3]. meore, pirvelze 
ara nakleb mniSvnelovani Sedegia is, rom mdgar zonaSi 
magnituri velis difuziis dro Cvens mier 2.2 paragrafSi 
gamoyenebuli plazmis eleqtruli gamtareblobis impulsuri 
cvlilebis maxasiaTebeli drois Tanazomadia. aseTi daskvna, 
raTa ar moxdes fizikuri procesebis droSi mimdinareobis 
mizez-Sedegobrivi kavSirebis darRveva, moiTxovs garkveul 
ganmartebas. saqme imaSia, rom magnituri velis difuziis 
maxasiaTebeli drois Sefasebas win uswrebs magnituri 
siblantis sididis Sefaseba, romlic miRebulia plazmis 
anomaluri winaRobis sagdeevis Teoriis CarCoebSi. aseT 
SemTxvevaSi plazmuri da mhd procesebis maxasiaTebeli droebis 
damTxvevas SeiZleba SemTxveviTi xasiaTi hqondes. magram, 
magnituri siblantis zRvruli sidide miRebuli iyo agreTve 
mdgari zonis Mmhd modelis saSualebiTac, Tanac mxolod erTi, 
pirobis (sazRvarze magnituri velis grigalis arseboba) 
dakmayofilebis moTxovniT. amitom, SeiZleba iTqvas, rom 
magnituri siblantis sidide gansazRvravs ara marto mdgari 
zonis sazRvris, aramed mTlianad misi struqturis mdgradobas.    
toroidaluri magnituri velis modelis winamorbedad 
SeiZleba miCneuli iyos damagnitebul konusur zedapirze gareSe 
magnituri velis gantotebis topologiuri modeli [61]. 
miuxedavad am naSromis udavo mniSvnelobisa da, toroidaluri 
velis modelis msgavsad, sakmarisi fizikuri sicxadisa, arc 
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erTi es  modeli ar aris maTematikurad saTanadod koreqtulad 
ganmtkicebuli im donemde, rom mTeli sisruliT, da, rac 
mTavaria, aucilebeli sandoobiT aRweros smv-s efeqtis 
sxvadasxva gamovlinebebi. aRvniSnavT, rom es ar aris marto am 
modelebis nakli, radganac praqtikulad yvela magnitosferul 
modelsa Tu Teorias, romelic exeba smv-s problemas, gaaCnia 
xarvazebi. am dros, swored saplanetaTaSoriso magnituri veli 
warmoadgens im ZiriTad fizikur faqtors, romlis moqmedebis 
gareSe SeuZlebeli iqneba gardamaval areSi plazmis dinebis 
struqturis regulacia, kerZod ki, mdgari zonis sazRvris 
stabilizacia. aseTi daskvna gansakuTrebiT samarTliania mdgari 
zonis  wverosa da maxlobeli zedapirisaTvis, romelzedac, misi 
zomebis simciris gamo, mdgari zonis mTlian zedapirTan 
SedarebiT, gansakuTrebiT swrafad unda imoqmedos mzis qarSi 
gavrcelebulma SeSfoTebebma. amrigad, bunebrivad dgeba wvetis 
formis mqone mdgari zonis wveroSi magnituri velis 
analitikuri Taviseburebebisa da am warmosaxviTi hidro-
dinamikuri struqturis zedapirze misi yofaqcevis Seswavlis 
problema. 
cnobilia, rom Tu nebismier magnitur zedapirs gaaCnia 
wvero (wveti), maSin aseTi wertili SeiZleba mivakuTvnoT 
maTematikurad gansakuTrebuli wertilebis kategorias, rom-
lebic iyofian or jgufad: regularul da araregularul 
gansakuTrebul wertilebad [62]. zogadad, regularul gansakuT-
rebul wertilSi funqciis warmoebuli nulis tolia. Tumca, Tu 
konkretul magaliTs moviSveliebT, kerZod, Tu wveti ekuTvnis 
idealurad gamtar plazmur struqturas, romelic CaWerilia 
magnituri velis mier, zemoT moyvanili pirobis dakmayofileba 
aucilebeli aRar aris da gansakuTrebuli wertili araregula-
ruli gaxdeba. swored aseT wertilSia SesaZlebeli magnituri 
velis Zalwiris gaxleCa, msgavsad imisa, rogorc ixliCeba 
laminarul siTxeSi denis wiri [4]. Zalwirebis formalizmis 
CarCoebSi, maTematikurad koreqtulia, rom msgavsi yofaqceva 
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hqondes smv-s swored im Zalwirs, romelic damiznebulia mdgari 
zonis wveroze. arsebobs erTaderTi aseTi Zalwiri, romelic, 
mezobeli Zalwirebisagan gansxvavebiT, ar srialdeba mdgari 
zonis gverdiT zedapirze. aqedan gamodis topologiuri 
msgavseba wvetis mqone magnitur zedapirsa da hidrodinamikur 
mdgar zonas Soris. orive es struqtura SeiZleba warmovid-
ginoT, rogorc agebulni wvetidan (wverodan) gamosuli 
warmomqmneli mrudebiT. oRondac, pirvel SemTxvevaSi 
warmomqmnelis funqcia akisria wveroSi gaxleCil magnituri 
velis Zalwirs, xolo meore SemTxvevaSi warmomqmnelad 
gvevlineba siTxis denis wiri. amitom, Capliginis organzomi-
lebiani analizuri amoxsna aqsialuri simetriis SemTxvevaSi 
uproblemod SeiZleba iyos gamoyenebuli iseTi samganzomi-
lebiani konfiguraciis misaRebad, romelic wvetis mqone 
magnituri zedapiris msgavsi iqneba. 
aucilebelia, rom mdgari zonis wveroSi magnituri velis 
Zalwiris mravaljeradi gaxleCis efeqtis analogia magaliTad, 
myari solis wveroSi idealuri siTxis denis wiris gaxleCis 
efeqtTan maTematikurad bolomde koreqtuli iyos. amis pirveli, 
formaluri pirobaa, rom wveroze damiznebuli iyos mdgari 
zonis simetriis RerZis paraleluri mimarTulebis mqone smv-s 
Zalwiri. gavixsenoT, rom dartymiTi talRis frontze smv, mzis 
qaris parametrebis msgavsad, SesaZloa wyvetas ganicdides. 
kerZod, mhd wyvetebis sxvadasxva variantebs Soris yvelaze 
ufro albaTuria e.w. brunviTi tangencialuri wyvetis ganviTa-
reba. aseTi wyvetis dros dartymiTi talRis frontis marTo-
buli, e.i. mdgari zonis simetriis RerZis paraleluri, smv-s 
mdgeneli ucvleli rCeba. aqedan gamodis, rom im SemTxvevaSi, 
roca magnitosferosTan urTierTqmedebamde smv mzis qaris 
siCqaris paraleluria, anu gvaqvs viTareba, romelic warmo-
adgens alfen-Candrasekxaris cnobili fundamenturi Teoriis 
sawyis pirobas, brunviTi mhd tangencialuri wyveta am pirobas 
ar daarRvevs.      
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mrudi magnituri zedapirebis gansakuTrebuli werti-
lebis maTematikuri TaviseburebebiT gamowveuli fizikuri  
specifika warmoCinda TiTqmis naxevari saukunis win, marTvadi 
TermobirTvuli sinTezis reaqciis laboratoriul pirobebSi 
miRebasTan dakavSirebiT. es sakiTxi sakmarisi sisruliT aris 
gaSuqebuli plazmis Teoriis klasikur mravaltomeulSi [62], 
saidanac moviyvanT  zogierT Sedegs, romlebic mniSvnelovania 
am TavSi ganxiluli amocanebis kuTxiT. 
Tavdapirvelad ganvixiloT regularuli gansakuTrebuli 
wertili, romelTanac gavaigiveoT nax.12.-ze mocemuli plazmuri 
struqturis 0 wertili. iTvleba, rom am wertilis maxloblad 
magnituri veli aragrigaluria, e.i. eleqtruli deni ara gvaqvs. 
formalurad, aseTi situacia Seesabameba idealuri eleqtruli 
gamtareblobis SemTxvevas. amitom, dasaSvebia magnituri velis 
skalaruli potencialis Semotana, romlis gaSlac, Tu 
regularuli gansakuTrebuli wertilis Tvisebas gavixsenebT, 
iwyeba koordinatis mimarT kvadratuli wevrebiT. Tu ki yvela 
koeficienti kvadratul wevrebTan nulis tolia, maSin 
gansakuTrebul wertils gaaCnia pirvel SemTxvevasTan 
SedarebiT ufro rTuli struqtura. nax.12-ze mocemuli 
magnituri struqturisaTvis SesaZlebelia davuSvaT, rom plazma 
mis SigniT ara gvaqvs, anu sazRvarze kmayofildeba magnituri da 
gazodinamikuri wnevebis tolobis piroba. msgavsi suraTi 
pirvel miaxloebaSi samarTliania dedamiwis magnitosfero-
saTvisac, romlis zedapirze wnevebis balansis Sedgenisas 
gardamavali aris mxridan ugulvebelyofen mzis qaris magnitur 
wnevas, xolo magnitosferos mxridan- masSi CaWerili plazmis 
gazodinamikur wnevas. magram, aseT SemTxvevaSi gansakuTrebuli 
wertili, anu Cveni magnituri konfiguraciis wvero, regu-
laruli veRar iqneba, radganac masSi magnituri velis 
daZabuloba aRar SeiZleba nulis toli iyos. Tu davuSvebT 
azimutalur simetrias, SeiZleba brtyeli amocanis ganxilva, 
romelsac Seesabameba nax.12. radganac, daSvebis Tanaxmad, 
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konfiguraciis SigniT magnituri veli ar gvaqvs, zedapiris 
msaxvelis maxloblad kmayofildeba magnituri velis grigalis 
ar arsebobis piroba, e.i. SeiZleba kompleqsuri potencialis 
Semotana. radganac wveroSi xdeba Zalwiris gaxleCa, Tanac aq 
magnituri veli nulis toli ar aris, kompleqsuri potencialis 
mwkrivad gaSlaSi, magnituri velis regularuli nawilis 
aRmweri kompleqsuri koordinatis mimarT mTeli xarisxis mqone 
wevrebis garda, unda monawileobdes agreTve wiladuri wevric. 
kompleqsuri cvladis funqciaTa Teoriis Tanaxmad, am pirobis 
dakmayofilebis gareSe wvero ver iqneba magnituri velis 
gantolebis (gaxleCis) wertili. amrigad, aq mocemuli 
topologiuri amocanis mokle fizikuri anotacia ganmtki-
cebulia saTanado maTematikuri aparatiT [62]. Sedegad, 
miRebulia magnituri zedapiris sazRvris gantoleba  
         ( )pxconsty −±=                          (3.2.5) 
sadac p -magnituri konfiguraciis wveros maxloblad kompleq-
suri potencialis gaSlaSi monawile erT-erTi wevris naxevrad 
mTeli xarisxis maCvenebelia. am xarisxis maCveneblis pirveli 
mniSvneloba p =3/2, Tumca Teoria samarTliania nebismieri sxva 
naxevrad mTeli ricxvisaTvisac. grafikulad, p -s zrdasTan 
erTad magnituri konfiguraciis wvero ufro da ufro maxvili 
gaxdeba. aRvniSnavT, rom (3.2.5)-is msgavsi magnituri zedapiris 
gantoleba miiReba cilindrul koordinatTa sistemaSic 
                         kr = 2
3
z ,                      (3.2.6) 
sadac  r -radiusia,  z - simaRle.         
amrigad, Tu magnitur zedapirs gaaCnia raRaca tipis 
simetria, e.i. amocana damokidebulia or cvladze, aragrigaluri 
magnituri veli mis irgvliv plazmur sivrceSi SeiZleba 
aRiwerebodes kompleqsuri potencialiT. amitom, SeiZleba 
visargebloT im cnobili SedegiT, romlis mixedviTac magnituri 
zedapiris konfiguracias iZleva kompleqsuri potencialis 
veqtoruli nawili, romelic denis wiris msgavsia. am funqciis 
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saxe damokidebulia magnituri zedapiris simetriis saxeze, 
romelic SeiZleba iyos Semdegi sami saxis: translaciuri 
(gadataniTi), aqsialuri an xraxniseburi. toroidaluri velis 
SemTxveva Seesabameba transilaciur simetrias, xolo gaxleCili 
magnituri ZalwirebiT Seqmnili zedapirebi miiReba aqsialuri 
simetriis SemTxvevaSi. ase rom, Tu topologiuri forma-
lizmidan gamovalT, hidrodinamikuri mdgari zona im 
SemTxvevaSi daemTxveva magnitur zedapirs, Tu ki plazmis denis 
wirs gavaigivebT magnituri velis ZalwirTan. aseTi situacia 
sruliad realuria, radganac mzis qaris siCqarisa da smv-s 
paralelurobis pirobas bunebaSi Zalian xSirad aqvs adgili, 
xolo maTematikurad is warmoadgens, rogorc ukve aRvniSneT, 
alven-Candrasekxaris cnobili mhd talRuri Teoriis safuZvels. 
mdgari zonis wveroSi gaxleCili smv-sa da mis sazRvarze 
Camoyalibebuli toroidaluri magnituri struqturis urTierT-
qmedebis Sedegad unda Camoyalibdes xraxniseburi simetriis 
mqone axali magnituri struqtura, romelsac formalurad 
Seesabameba Semdegi saxis veqtoruli potenciali (denis funqcia) 
ϕψ rAAz += , sadac zA   da ϕA  veqtor-potencialis komponentebia, r -
mdgari zonis ganivi kveTis radiusi. iseve, rogorc aqsialuri 
simetriis SemTxvevaSi, xraxniseburi magnituri zedapiris forma 
ganisazRvreba r ϕA -s analizuri saxiT. am zedapiris forma 
SeiZleba miviRoT (3.2.6) gamosaxulebidan, romelSic mudmiva 
unda ganisazRvros mdgari zonis xazovani parametrebis 
saSualebiT.  
Cveni amocanidan gamomdinare, z  RerZi, romelsac Tanx-
vdeba smv-s Zalwiri gaxleCamde, mimarTulia mdgari zonis 
wveroSi moTavsebuli cilidruli koordinatTa sistemis 
saTavidan mzisaken. centralur Zalwirsa da gaxleCil 
Zalwirebs Soris kuTxis (gaSlis kuTxe) zRvruli mniSvneloba 
maxα  SeiZleba CavTvaloT mdgari zonis maaproqsimirebeli 
konusis naxevradgaSlis kuTxis tolad (nax.13). magnitosferos 
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kritikul wertils Seesabameba 0hz −= , sadac 0h - mdgari zonis 
simaRlea,  xolo 0r - fuZis radiusi..  
aSkaraa, rom konusuri zedapiriT aproqsimacia 
samarTliania mdgari zonis fuZis paraleluri nebismieri 
kveTisaTvis, oRondac, gaxleCili Zalwirebis topologiidan 
gamomdinare, saTanado koreqtulobisaTvis, gaTvaliswinebuli 
unda iyos am konusis gaSlis α  kuTxis cvlileba. aqedan 
gamomdinareobs, rom magnituri zedapiris aproqsimacia 
safexurebrivad unda moxdes, e.i. gaSlis kuTxe unda icvlebodes 
garkveul intervalSi, romlis sazRvrebi martivad dgindeba. 
kerZod, magnituri zedapiris fuZes Seesabameba 0max 45=α , 
radganac aq, Capliginis modelidan gamomdinare 00 rh =  [3,4]. am 
pirobis gaTvaliswinebiT (3.2.5)-idan gveqneba 2
1
0
−
= hk . garda amisa, 
nebismier sxva ganiv kveTaSi, Tu ki gaSlis kuTxis cvlilebas 
gaviTvaliswinebT, samarTliania toloba zr = αtg 2
3
2
1
0 zh
−
= . e.i.  
arctg=α 




 −−
2
1
1
0 zh .                                                  
 
 
 
 
 
 
 
 
 
amrigad, mdgari zonis zedapiris sawyisi modeluri 
toroidaluri magnituri struqturis urTierTqmedebam smv-sTan, 
im SemTxvevaSi, Tu es ukanaskneli saplanetaTaSoriso sivrceSi 
mzis qaris siCqaris paraleluria, unda gamoiwvios xraxniseburi 
 
nax.13. 
mdgari zonis magnituri zedapiri 
r
0 
α  
0r  
0h  
 
       
z 
0
→
B  
τ
→
B  
ϕ
→
B  
nB
→
 
r0 
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magnituri zedapiris warmoqmna, e.i. magnitur vels unda gauCndes 
spiraloba. am Tvisebas axasiaTebs sakuTari parametri, xraxnis 
biji, romelic unda ganisazRvros cnobili formulidan [62]                                                             
                                     
ϕ
τpi
B
rB
L 2=    ,                                                 (3.2.7)                                                
sadac L -xraxnis bijia, ϕB -toroidaluri velis daZabuloba, 
romelic aqsialuri simetriis SemTxvevaSi SeiZleba mudmivad 
CavTvaloT [3], ατ cos0BB = -magnituri (mdgari zonis) zedapiris 
tangencialuri magnituri veli, 0B  - smv-s maxasiaTebeli sidide, 
zr = αtg . aSkaraa, rom magnitur zedapirze sruldeba piroba: 
222
0 nBBB += τ , sadac αsin0BBn = -magnituri velis normaluri 
mdgenelia (nax.13). 
 SemovitanoT fardoba 
ϕB
B
n 0=   da visargebloT formuliT  
( )2
1
21
sin
α
α
α
tg
tg
+
= ,  ris Semdeg  (3.2.7) –idan gveqneba  
                          ( ) 2
1
02
−
+= zhnL pi 2
3
z .                                              (3.2.8)  
    
rogorc ukanaskneli gamosaxulebidan sCans, mdgari  
zonis zedapirze magnituri velis Zalwiris xraxnis biji 
cvladi iqneba: is TandaTan gaizrdeba mdgari zonis wverodan 
magnitosferis kritikuli wertilis, e.i. mdgari zonis fuZis, 
mimarTulebiT. es niSnavs, rom Tavdapirvelad toroidaluri 
topologiis mqone mdgari zonis magnituri zedapiri smv-s 
gavleniT maqsimalur cvlilebas ganicdis mdgari zonis fuZeSi, 
anu magnitosferos sazRvarze- 0max 2 nhL pi=  [43].             
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3.3. plazmis siCqaris velisa da magnituri velis 
topologiuri msgavsebis modeli magnitosferos 
winamdebare mdgar zonaSi 
topologiuri msgavseba mzis qaris denis wirebsa da smv-s 
Zalwirebs Soris aSkaraa im SemTxvevaSi, roca magnitosferosTan 
urTierTqmedebamde 00 B||V
rr
. 3.2-Si ganxilulia swored es 
SemTxveva, romelic amave dros warmoadgens alven-Candrasekharis 
cnobili amoxsnis safuZvels, anu idealurad gamtar plazmaSi 
alvenis talRebis generaciis pirobas [63,64]. topologiuri 
msgavseba dinebis siCqarisa da magnituri velis yofaqcevaSi 
samarTliania agreTve im SemTxvevaSic, Tu plazmas gaaCnia 
Cveulebrivi an magnituri siblante. am mosazrebis samarTlianoba 
qvemoT naCvenebi iqneba mdgar zonaSi uZravi plazmis iseTi 
SeSfoTebebis magaliTze, romlis wyaro moTavsebulia mdgari 
zonis fuZeSi. 
ganvixiloT modeli, romlis Tanaxmad gvaqvs ZiriTadi 
erTkomponentiani 0H
r
, romlis SeSfoTebaa h
r
, xolo Tavdapirve-
lad uZravi ukumSvadi plazmis SeSfoTebis siCqarea V
r
. Tu gaviT-
valiswinebT moZaobisa da magnituri velis induqciis gantole-
bebSi Semavali wevrebis rigebs, gveqneba  
 
[ ]0
00 4
11
HhrotVP
t
V rrr
r
⋅++∇−=
∂
∂
piρ
∆λ
ρ
,   (3.3.1) 
( ) hVH
t
h
m
rrr
r
∆λ+∇=
∂
∂
0 .     (3.3.2) 
(3.3.1)-is bolo marjvena wevri davSaloT veqtoruli analizis 
cnobili formulis mixedviT. Tu gamoviyenebT magnituri velis 
uwyvetobis pirobas, gveqneba   
( ) ( ) VhHHhP
t
V rrr
rrr
∆λ
piρpiρ
+∇+







 ⋅
+∇−=
∂
∂
0
0
0
0 4
1
4
1
 . (3.3.3) 
Tu (3.3.3)-is orive mxareze vimoqmedebT operatoriT div , miviRebT  
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( )
0
4
0 =







 ⋅
+
pi
∆
Hh
P
rr
.     (3.3.4) 
 
(3.3.4) samarTliania, radganac gamosaxuleba figurul frCxilebSi 
akmayofilebs laplasis gantolebas, anu iseTi harmoniuli 
funqciaa, romelic usasrulobaSi 
( )
pi4
0HhP
rr
⋅
+ =0 (SeSfoTebis 
modelidan gamomdinare, am moTxovnis fizikuri samarTlianoba 
aSkaraa). magram, saSualos Sesaxeb gausis Teoremidan gamodis, 
rom zemoT moyvanili piroba samarTliania mTel sivrceSi. 
amrigad, Tu modelis fizikur safuZvels ganvixilavT, gamodis, 
rom plazmis SeSfoTebas iwvevs mdgari zonis sazRvarze 
magnituri velis Zalwirebis deformacia. 
     radganac vixilavT mudmivi sididis erTkomponentian 
ZiriTad magnitur vels 0H , gavukeToT aproqsimacia mdgar zonas 
cilindrebiT. Tumca aseTi aproqsimacia sakmarisad uxeSia, amas 
saboloo Sedegze praqtikulad gavlena ar eqneba, radganac 
mdgari zona ar warmoadgens absolutur warmonaqmns. amitom, 
wina paragrafSi moyvanili amocanis msgavsad, aqac nebismier 
SemTxvevaSi SeiZleba gamoviyenoT aproqsimacia sxvadasxva fuZis 
farTis mqone cilindrebis rigiT, romelTa raodenobac 
damokidebuli aris mdgari zonis simaRleze. am cilindrebs 
Soris pirvelis farTi emTxveva mdgari zonis fuZes. amrigad 
(3.3.3) -is  magivrad gveqneba 
( ) VhH
t
V rrr
r
∆λ
piρ
+∇=
∂
∂
0
4
1
.    (3.3.5) 
CavTvaloT, rom SeSfoTebuli sidideebis amplitudebis 
damokidebuleba x  da y  koordinatze wrfivia, rac iZleva 
laplasis operatoris gamartivebis saSualebas. gadavideT 
cilindrul koordinatebze da siCqare da magnituri velis 
SeSfoTeba warmovadginoT Semdegi saxiT: ( ) )zktiexp(rVV z+ω−= 0
rr
 da 
( ) )zktiexp(rhh z+ω−= 0
rr
. aseTi warmodgena niSnavs, rom vixilavT 
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SeSfoTebas mdgari zonis RerZis mimarTulebiT, romelic 
magnitosferos kritikuli wertilidan mzisken mimarTuli z  
RerZis Tanxvdenilia (ω -sixSire, zk -talRuri ricxvi).   amrigad, 
gveqneba  
2
2
0
0
4 z
V
z
hH
t
V z
∂
∂
+
∂
∂
=
∂
∂
rrr
λ
piρ
,     (3.3.6) 
2
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h
z
V
H
t
h
mz
∂
∂
+
∂
∂
=
∂
∂
rrr
λ .     (3.3.7)  
 
gavawarmooT (3.3.6) z -iT da (3.3.7) t -Ti 

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,    (3.3.8)  
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
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V
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rrr
λ .     (3.3.9) 
Tu (3.3.7)-dan ganvsazRvravT 
z
V
∂
∂
r
-s da SevitanT (3.3.8)-Si gveqneba 





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

∂
∂
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piρ
.   (3.3.10) 
(3.3.9)-is gamoyenebiT gamovricxoT (3.3.10)-is marcxena mxare, rac 
mogvcems gantolebas magnituri velis SeSfoTebisaTvis 
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sadac 
0
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4piρ
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a
H
V =
r
 -alfenis siCqarea.  
analogiurad gveqneba 
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CavataroT fizikuri analizi. davuSvaT, rom plazmas ar gaaCnia 
Cveulebrivi siblante, romelic, disertaciaSi ganxiluli 
amocanebis specifikidan gamomdinare, warmoadgens gansakuT-
rebuli mniSvnelobis mqone parametrs. SemTxveva, roca magnituri 
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siblante nulis tolia, Seesabameba idealurad gamtar plazmas, 
romelsac gaaCnia Cveulebrivi siblante. magnitosferosTan 
mimarTebaSi aseTi modeli SeiZleba gansakuTrebiT samarTliani 
iyos polarul kaspebSi moZravi plazmisaTvis, dabal simaR-
leebze, iq sadac aSkarad mJRavndeba blanti xaxunis efeqti 
sustad ionizirebul, sakmarisad mkvriv ionosferul garemosa da 
mzis qars Soris.  
ganvixiloT gantolebaTa ori sistema, romlebSic aSkaraa 
sruli identuroba magnituri velisa da siCqaris SeSfoTebebs 
Soris: 
1) 0=λ  
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2) 0=mλ  
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Tu ugulvebelvyofT talRur wevrebs, romelTa koeficientia 
alfenis siCqaris kvadrati, gveqneba paraboluri tipis 
gantolebebi  
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 Tu plazma idealuria, anu ar gaaCnia eleqtruli da 
magnituri siblante ( 0== mλλ ), maSin gveqneba talRuri 
gantolebebi 
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rr
,    (3.3.16) 
romelTa amoxsnebi kargad aris cnobili.  
(3.3.14) gantolebebis amoxsnis erT-erTi varianti iyenebs 
Cvens mier Semotanil warmodgenebs ( ) )zktiexp(rVV z+ω−= 0
rr
 da 
( ) )zktiexp(rhh z+ω−= 0
rr
. radganac talRuri ricxvi kompleqsuria 
( ikk z +=η ), roca 0=λ  gveqneba Semdegi dispersiuli Tanafardoba  
2222
zmza kikV ωλω −= ,    (3.3.17) 
anu  
   
( ) 212 ma
z
iV
k
ωλ
ω
−
= .     (3.3.18) 
Tu CavTvliT, rom garemos gaaCnia mcire magnituri siblante, 
rac samarTliania mzis qaris plazmisaTvis, maSin SeiZleba (3.3.18) 
mwkrivad gaiSalos. amasTan erTad, gamoviyenoT zk -is warmodgena 
namdvil da warmosaxviT nawilebad 
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amrigad, magnituri velis SeSfoTebisaTvis gveqneba gamosaxuleba 
( )( )tzkiexp
V
z
exp)r(hh z
a
m ω−


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

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 λω
−=
3
2
0
2
rr
,  (3.3.20) 
romlis identuria gamosaxuleba plazmis siCqarisaTvis. Tu 
garemos gaaCnia mxolod Cveulebrivi siblante, saWiroa (3.3.20)-Si 
movaxdinoT cvlileba λλ →m . 
 CavataroT (3.3.19) da (3.3.20)-is Tvisobriv-raodenobrivi 
analizi. moTxovnis Tanaxmad, zk -is warmosaxviTi nawilis 
koeficienti 
22 a
m
V
ωλ
<<1. aqedan, SeiZleba 0ω  maxasiaTebeli sididis 
gansazRvra. magaliTad, Tu aRniSnuli utoloba sruldeba 10% 
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sizustiT (e.i. 10
2 2
,
Va
m ≤
ωλ
), normalur pirobebSi, roca mdgari zonis 
plazmaSi magnituri velis maxasiaTebeli sidide 40 10
−=H gausia, 
n =20protoni/sm3, rasac Seesabameba 6105 ⋅≈aV sm/wm, magnituri 
siblantis intervalisaTvis ( )1412 1010 ÷≈mλ sm2wm-1, miviRebT, rom 
( )20 1015 −÷≈ω wm 1− . gamodis, rom Cveni modeli samarTliania 
geomagnituri pulsaciebis sixSiris mqone SeSfoTebebisaTvis, 
rac zrdis mis fizikur Rirebulebas, radganac Zalwirebis 
deformacia rezonansis gziT bunebrivad ukavSirdeba magneto-
sferos dRis mxaris, rogorc erTiani sxeulis, sakuTar rxevebs 
[3]. 
 (3.3.20)-Si pirveli eqsponenta gansazRvravs SeSfoTebis 
talRis milevas, romelic damokidebulia plazmis maxasiaTeb-
lebze, SeSfoTebis sixSireze da manZilze. milevis logariTmul 
dekrements, anu talRis amplitudis neperis ricxviT Semcirebas, 
Seesabameba manZili  
 
m
aVz
λω 2
3
0
2
= .    (3.3.21) 
analogiurad, SeiZleba ganvixiloT SemTxveva, roca mλ =0, xolo 
0≠λ . 
amrigad, zemoTganxiluli modelis farglebSi saxezea 
sruli topologiuri msgavseba mdgar zonaSi magnituri velisa 
da plazmis siCqaris SeSfoTebebis veqtorebs Soris. 
amrigad, mdgar zonaSi unda arsebobdnen sxvadasxva tipis 
mhd talRebi. am virtualuri struqturis konfiguraciidan 
gamomdinare, aRniSnuli talRebis speqtris ganxilva gansakuT-
rebiT mosaxerxebeli unda iyos konusur koordinatTa sistemaSi. 
Tumca, rogorc wesi, roca gamoiyeneba mrudwiruli koordina-
tebi, mhd amocanebSi warmoiqmneba maTematikuri sirTuleebi. 
amitom, vifarglebiT mxolod im mhd talRebiT, romlebic 
SeiZleba warmoiqmnan mdgari zonis simetriis RerZis mimarTu-
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lebiT gavrcelebuli mcire perioduli SeSfoTebebis gamo. Aam 
SeSfoTebebis mizezs rogorc mTel gardamaval areSi, aseve mis 
fokalur nawilSi wamoadgens mzis qarisa da smv-s parametrebis 
cvlileba. Tumca, kumSvad damagnitebul plazmaSi SeSfoTebebi 
SeiZleba gamowveuli iyos agreTve mdgari zonis SemomsazRvreli 
magnituri zedapiris drekadi rxevebiT, romelTa gavrceleba 
dakavSirebulia plazmis kumSvadobasTan. 
kvlav CavTvaloT, rom mdgar zonaSi uZravi plazmis 
magnituri veli, simkvrive da wneva ganicdian mcire SeSfoTebebs 
 bBB
rrr
+= 0 ,  ρρρ ′+= 0 , PPP ′+= 0 ,  VV ′=
rr
                (3.3.22) 
radgan moZraoba iTvleba izotropulad, wnevisaTvis gveqneba 
ρρ
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=′ 20c
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P ,                                          (3.3.23) 
sadac 0c - bgeris siCqarea. 
(3.3.22) da (3.3.23) CavsvaT  sawyis mhd gantolebebSi, saidanac  
arawrfivi wevrebis ugulvebelyofiT miviRebT 
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Bbrot
c
t
V rr
r
⋅+′∇−=
∂
∂
piρ
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,               (3.3.24)       
  ( ) VdivBVB
t
b rrrr
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00 −∇=∂
∂
,     (3.3.25)         
   Vdiv
t
r
0ρ
ρ
−=
∂
′∂
,      (3.3.26) 
0=bdiv
r
.            (3.3.27) 
     SeSfoTebebi kvlav ganvixiloT marTkuTxa koordinatTa 
sistemis z -RerZis gaswvriv, romlis saTave magnitosferos 
kritikuli wertilia. z  RerZi mimarTulia mzisken, y -RerZi geo-
magnituri velis sasazRvro Zalwiris gaswvriv, x -RerZi magnito-
sferos ekvatoruli sibrtyis sazRvarze. CavTvaloT, rom sapla-
netaTaSoriso magnituri veli mimarTulia z  RerZis antipara-
lelurad. aqedan gamomdinare, jamuri magnituri veli tolia 
zzyy eBeBB
rrr
00 −= , sadac yB0 , zB0 -geomagnituri velisa da saplane-
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taTaSoriso magnituri velis sidideebia, ye
r
, ze
r
-erTeulovani 
ortebi. ganvixiloT mdgari zonis fuZe da idealurad gamtari 
kumSvadi plazmis SemTxveva. (3.3.24)-(3.3.27) sistemis amonaxsni kvlav 
veZeboT )tzzk(ie ω−  brtyeli talRis saxiT. (3.3.25)-dan da (3.3.27)-dan 
gamomdinareobs, rom 0=zb . amitom, gveqneba 
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(3.3.28) da (3.3.30) gantolebebi arian damoukidebeli sxva 
gantolebebisagan. (3.3.28) gavawarmooT t -Ti da (3.3.30)-idan CavsvaT  
t
Vx
∂
∂
, ris Sedegadac miviRebT gantolebas alfenis talRebisaTvis 
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,     (3.3.34) 
sadac 
0
0
4piρ
z
az
B
V = -alfenis talRis siCqarea, romelic damoki-
debulia saplanetaTaSoriso magnitur velze. 
 es talRebi smv-s Zalwirebis  gaswvriv orive mimarTulebiT 
vrceldebian Semdegi fazuri siCqariT 
   θ
ω
φ sinVV
k
C aaz
z
=== ,     (3.3.35) 
sadac θ  kuTxe aiTvleba y  RerZidan, aV - alvenis siCqaris sidi-
dea jamuri magnituri velisTvis. 
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 (3.3.29)-gavawarmooT t -Ti, gamoviyenoT (3.3.31) da (3.3.32), ris 
Semdeg gveqneba 
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(3.3.28)-dan da  (3.3.33)-dan  gveqneba  
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bolo ori gantolebis kombinacia gvaZlevs dispersiis 
gantolebas talRis fazuri siCqarisaTvis 
( ) 022022204 =++− zaa VcCVcC ϕϕ .    (3.3.38) 
gamodis, rom am talRebSi plazmis merxev nawilakebze 
moqmedebs rogorc geomagnituri veli, aseve saplanetaTaSoriso 
magnituri veli.  
 (3.3.38) gantolebis amonaxsns aqvs Semdegi saxe [64] 
( ) ( ) 


 −+±++=±
21
0
22
0
21
0
22
0 22
2
1
θθφ cosVcVccosVcVcC aaaa ,   (3.3.39) 
sadac plius niSani aRniSnavs aCqarebul magnitobgeriT talRebs, 
xolo minusi-Senelebuls. es talRebi moZraoben orive mimarTu-
lebiT. 
 (3.3.39)-dan SegviZlia SevafasoT mhd talRebis speqtri 
mdgari zonis fuZis ( )0≈θ , e.i. magnitosferos kritikuli wer-
tilis, maxloblad, sadac smv-is Zalwirebi praqtikulad ar 
maxinjdebian. maxasiaTebeli sidideebad SegviZlia gamoviyenoT 
magnitopauzis parametrebis tipiuri mniSvnelobebi 
( ) 60 1063÷== aVc sm.wm 1−  da 7102 −⋅= pizk sm 1− , rac Seesabameba 
dedamiwis magnituri velis sasazRvro fenis (magnitopauzis) sisqe 
710≈Mδ sm. Sedegad, miviRebT mhd talRebis sixSiris 
maxasiaTebel speqtrs- ( )820 ÷≈ω wm 1− , romelic faqtiurad 
Seesabameba magnitosferos sazRvris maxloblad protonebis 
ciklotronul sixSires- ( )53÷≈pω  wm 1−  [8]. 
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3.4. mdgari zona magnitosferos gardamaval areSi, helmholcis 
gantolebebis Tvisobrivi analizi da magnitogradientuli 
talRebis parametrebis Sefaseba 
 
 mzis qaris plazmis msxvilmasStabovani dineba gardamaval 
areSi im droiTi masStabebisaTvis, romlebic mniSvnelovnad 
aRemateba dabalsixSiriani eleqtromagnituri rxevebis maxa-
siaTebel periodebs, SeiZleba stacionarulad CavTvaloT. 
idealuri erTsiTxovani mhd gantolebebi mzis qarisaTvis Semdegi 
saxisaa  
piρ
∇
+
ρ
′
−∇=∇
4
H)H(P
V)V(
rr
rr
 ,    (3.4.1) 
V)H(H)V(
rrrr
∇=∇ ,     (3.4.2) 
sadac ( )pi82HPP +=′ -plazmis sruli wnevaa, P -gazodinamikuri 
wneva, ( ( )pi82H -magnituri wneva). 
 magnitosferosTan urTierTqmedebamde mzis qarisaTvis 
arsebobs uamravi ZiriTadi mdgomareoba, romlebic Seesabamebian 
(3.4.1)-(3.4.2) gantolebebis sxvadasxva stacionarul amonaxsnebs. 
magaliTad, roca constP =′ , SeiZleba visargeblod alfen-
Candrasekharis cnobili stacionaruli amoxsniT, romelic Cven 
faqtiurad ukve gamoviyeneT 3.2-Si mdgari zonis wveroSi 
magnituri Zalwiris gaxleCvis modelis winapirobad  
    
piρ
=
4
H
V
r
r
.     (3.4.3) 
 Tu mkacrad vimsjelebT, gardamaval areSi, saplanetaTa-
Soriso sivrcisagan gansxvavebiT, erTsiTxovani miaxloeba mzis 
qarisaTvis samarTliani aRar aris. yovel SemTxvevaSi, Tu mTel 
gardamaval areSi ara, mdgar zonaSi (fokaluri are) mainc, sadac 
koreqtulia plazmis moZraoba ganxiluli iyos orsiTxovan 
miaxloebaSi. es niSnavs, rom protonebisa da eleqtronebis 
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moZraoba erTmaneTisagan damoukidebelia, Tumca aseTi gancxadeba 
absoluturad samarTliani ar aris. rogorc wesi, iTvleba, rom 
eleqtronebs romlebsac protonebTan SedarebiT gacilebiT 
mcire masa gaaCniaT, inercia ara aqvT, amitom sakmaod maRali 
sizustiT SeiZleba iTqvas, rom protonebi moZraoben eleqtro-
nul garsSi ise, rom adgili ara aqvs meqanikur xaxuns plazmis 
komponentebs Soris. Tu plazma idealurad gamtaria, maSin 
adgili ar eqneba agreTve magnitur xaxunsac da plazmaSi ar 
moqmedebs disipaciis meqanizmebi [65]. 
cnobilia, rom dartymiTi talRis frontis gavlis Semdeg 
mzis qaris plazma muxruWdeba, rac erT-erT gamovlinebas 
poulobs masSi magnituri siblantis efeqtis warmoqmnaSi. sxva 
saintereso fizikur movlenebTan erTad, rogorc es naCvenebi iyo 
adre, am areSi adgili aqvs smv-s mzis qarSi Cayinulobis pirobis 
transformacias, rac niSnavs, rom unda ganvixiloT gansxvave-
buli efeqtebi plazmis eleqtronul da protonul kompo-
nentebSi. swored orsiTxovan miaxloebaSia SesaZlebeli im 
efeqtis gamovlena, romelic Teoriulad Tavdapirvelad 
miRebuli iyo sustad ionizirebuli ionosferuli plazmisaTvis 
[64,66].  
mzis qaris dinamikaze, gardamaval areSi ukanaskneli 
eqsperimentaluri monacemebisa da ricxviTi modelirebis 
Sedegebis mixedviT, gansakuTrebuli gavlena aqvs plazmis 
kumSvadobas [67]. magram, pirvel miaxloebaSi, plazmis 
komponentebs Soris xaxunis msgavsad, es efeqtic SeiZleba 
ugulvebelvyoT da gamoviyenoT ganzogadoebuli omis kanoni, 
romelSic eleqtronebis siCqare eV
s
 gansazRvrulia denis 
simkvrivis saSualebiT  
  [ ] [ ] eP
en
Hj
enc
HV
c
E ∇−+−=
111 rrrrr
.   (3.4.4) 
sadac E
r
-eleqtruli velis daZabulobaa, c -sinaTlis siCqarea, 
)VV(enj e
rrr
−= -denis simkvrive (V
r
-protonebis siCqare), eP -
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eleqtronuli komponentis wneva, n -plazmis koncentracia, e -
elementaruli muxti. 
(3.4.4)-s gamoyenebiT, romelic niSnavs, rom orsiTxovan 
miaxloebaSi mzis qarSi yovelTvis warmoiqmneba holis efeqti  
(meore Sesakrebi (3.4.4)-is marjvena mxareSi), naCvenebia, rom 
samarTliania helmholcis ganzogadoebuli gantoleba [65,68].  
   ( )[ ]ii ΩΩVrot
t
)ΩΩ( rrr
rr
+⋅=
∂
+∂
,   (3.4.5) 
sadac ( )McHeΩi =
r
-protonebis ciklotronuli sixSire, (M -
protonis masa). 
 (3.4.5) gantolebidan  gamodis, rom mzis qaris protonul 
komponentaSi inaxeba axali veqtori iΩΩ
rr
+ , anu, aq magnituri 
veli, eleqtruli komponentisagan gansxvavebiT, mxolod 
nawilobriv aris `Cayinuli”. marTlac, radganac denis simkvrivis 
gamosaxulebidan ( )enjVV e
rrr
+= , Tu aviRebT rot -s (3.4.4) orive 
mxaridan da gamoviyenebT erT-erT maqsvelis gantolebas, gveqneba    
    [ ]HVrot
t
H
e=∂
∂
r
,    (3.4.6) 
rac niSnavs magnituri velis srul Cayinulobas plazmis 
eleqtronul komponentaSi.  
       amrigad, magnitosferos garsdenis mhd suraTis koreqtuli 
modelireba moiTxovs, rom mzis qarma gardamaval areSi SeiZinos 
sasruli eleqtruli gamtareblobis mqone garemos Tvisebebi. 
aseT SemTxvevaSi Cayinuli saplanetaTaSoriso  magnituri velis 
gavlena sustdeba da fokalur areSi plazmis msxvilmasStabovani  
dinebis topologia SeiZleba ganisazRvros kinematikur miax-
loebaSi, romelime iseTi hidrodinamikuri modelis saSualebiT, 
romelic iTvaliswinebs magnitosferos kritikuli wertilis 
maxloblad mzis qaris damuxruWebis efeqts. aseTi tipisaa, 
magaliTad, sonerup-pristisa da gratonis cnobili kinematikuri 
modelebi  [40,41,69].  
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         mzis qaris Termodinamikuri parametrebis cvlilebasa da mis 
damuxruWebas gardamaval areSi mosdevs sxvadasxva fizikuri 
efeqtebi, romelTa Sorisac erT-erTi saintereso movlenaa e.w. 
magnitogradientuli talRebis gaCena. am tipis magnitosferuli 
talRebis generaciis fizikuri meqanizmi dakavSirebiulia 
siCqareTa velisa da magnituri velis araerTgvarovnebasTan, 
romelTa TvalnaTlivi warmodgena gansakuTrebiT moxerxebulad 
SeiZleba Capliginis mdgari zonis modelis daxmarebiT [3,4]. 
kerZod, es modeli iZleva saSualebas gamoviyenoT dinebis mhd 
suraTis SeSfoTebis martivi, magram moxerxebuli varianti, roca 
ZiriTad, SeuSfoTebel mdgomareobaSi, plazma magnitosferos 
fokalur areSi miCneulia uZravad.  
       SemovitanoT marTkuTxa koordinatTa sistema saTaviT 
magnitosferos kritikul (Subla) wertilSi. RerZi x  mogezulia 
magnitosferos centraluri ekvatorialuri kveTis sazRvris 
gaswvriv, y -mzisken, z RerZi-geomagnituri velis sasazRvro 
Zalwiris gaswvriv. magnitogradientuli talRebis genera-
ciisaTvis aucilebelia, rom arsebobdes siCqarisa da magnituri 
velis grigalebi. magram, mTel gardamaval areSi am pirobis 
dakmayofileba, mzis qaris dinebis specifikis gamo, SeuZlebelia. 
samagierod, samarTliania Tavdapirvelad uZravi plazmis 
yv siCqaris SeSfoTebisa da erTkomponentiani magnituri velis 
zh SeSfoTebis Semdegi modeli, romelic zustad esadageba mdgar 
zonas. am modeliT daSvebulia SeSfoTebis formis mqone 
vertikaluri gadaadgilebebis generacia da erTkomponentiani 
magnituri velis SeSfoTeba ZiriTadi veils mimarTulebiT 
   
( ) yy t,xvV e=
r
,  zzzz )t,x(h)y(HH ee += 0
r
,   (3.4.7) 
sadac ye , ze -erTeulovani ortebia.  
  ionosferoSi, sadac samarTliania (3.4.7)-is msgavsi 
modeli, orsiTxovan miaxloebaSi, anu holis efeqtis moqmedebis 
113 
pirobebSi, arsebobs sami tipis magnitogradientuli talRa: +C , 
−C  da mdgari magnitogradientuli talRebi [70]. msgavsi talRebi 
unda arsebobdnen agreTve gardamaval areSic. aq ar SevexebiT 
aRniSnuli talRebis miRebis teqnologiis detalebs da 
moviyvanT mxolod maTi siCqareebis saboloo gamosaxulebebs.   
swrafi magnitogradientuli talRebi: 








′++−== + pH
2
HH CC
4
C
2
C
CCϕ .  (3.4.8) 
neli magnitogradientuli talRebi 
   pH
2
HH CC
4
C
2
C
CC ′++−== −ϕ .   (3.4.9) 
mdgari magnitogradientuli talRebi 
    
x
z
n
ky
H
Mn
C
1
4
1 0
∂
∂
±=
pi
   (3.4.10) 
sadac ( )( )yHencC zH ∂∂= 04pi , 02 >−=′ xp kC Hβ , ( )( )yHMce zH ∂∂= 0β -
magnituri velis araerTgvarovnebis parametri (e.w. rosbis 
magnituri parametri), λpi2=xk -talRuri ricxvi, dakavSirebuli 
amocanis araerTgvarovnebis masStabTan. 
 eleqtromagnituri talRebi (3.4.8)-(3.4.10) warmoadgenen 
magnitosferuli rezonatoris rxevis sakuTar modebs. 
erTsiTxovan miaxloebaSi, anu roca holis efeqti ar gvaqvs, 
gveqneba mxolod (3.4.10) talRa. 
 amrigad, ,C+  −C  da nC  generaciisaTvis aucilebelia, rom 
arsebobdes plazmis siCqaris grigali ( 0≠Vrot
r
) da eleqtruli 
deni ( ( ) 04 ≠pi= Hcrotj
rr
). am talRebis speqtraluri maxasiaTeblebis 
misaRebad saWiroa araerTgvarovani magnituri velis modelireba 
da im maxasiaTebeli wrfivi masStabis dadgena, romelic 
gansazRvravs gardamavali aris im nawilis zomas, romlisTvisac 
samarTliania orsiTxovani miaxloeba. swored am masStabs, ufro 
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zustad, misi cvlilebis diapasons, iZleva mdgari zonis modeli, 
romlis maTematikur safuZvels warmoadgens Capliginis mier 
idealuri siTxis nakadis Teoriis farglebSi miRebuli erTi 
fundamentaluri amonaxsni. Tavis droze Capliginma ganixila 
naxevradsasrulo brtyeli firfitis idealuri ukumSvadi siTxis 
WavliT garsdenis organzomilebiani amocana [4]. aRmoCnda, rom 
mas gaaCnia gansakuTrebuli Rirebulebis mqone fizikuri 
wanamZRvari. kerZod, Capliginis ideis Tanaxmad, kritikuli 
wertili brtyel firfitaze unda Seicvalos sasruli zomebis 
mqone mdgari (stagnaciis) zoniT, romlis SigniT siTxis masa 
SeiZleba miviCnioT uZravad. aseTi daSveba fardobiTia da, 
garkveulwilad, virtualuri, radganac maTematikurad garsdenis 
nebismier amocanaSi SeiZleba arsebobdes mxolod wertilovani 
uZravi masa. magram, fizikuri TvalsazrisiT siTxe SeiZleba 
uZravad miviCnioT garkveul sasrulo zomebSi, romlis masSta-
bebi damokidebulia amocanis parametrebze da imaze, Tu ra sizus 
tiT gvinda analizuri amonaxsnis miReba.  
amrigad, Tu gamoviyenebT Capliginis ideas, magnitosferos 
kritikuli wertili SeiZleba SevcvaloT mdgari zoniT, romelic 
warmoadgens fokaluri aris aproqsimacias. miuxedavad imisa, rom 
Capliginis amoxsna organzomilebiania, im SemTxvevaSi Tu 
davuSvebT aqsialur simetrias, yovelgvari problemis gareSe 
SeiZleba misi sivrculi ganzogadoeba. iTvleba, rom 
magnitosferos winamdebare mdgari zonis SigniT plazmis siCqare 
gacilebiT mcirea saplanetaTaSoriso sivrceSi mzis qaris 0V  
siCqaresTan SedarebiT [3].   
mdgari zonis xazovani parametrebi Semdegi gamosaxule-
bebiT ukavSirdeba gardamaval areSi dinebis maxasiaTeblebs da 
magnitosferos dRis mxaris sazRvris xazovan zomas 














−
⋅
−
⋅−
++
−
⋅
−
⋅=
∑
∑
∞
=
−
∞
=−
1
2
2
2
31
1
22
3
21
114
1
644
114
32
n
n
nn
n
n
n
q
q
n
n)(
q
q
n
n
Lqa
pi
, (3.4.11) 
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, 
sadac a -mdgari zonis simaRlea, b -misi sigane, L - brtyel 
zedapirTan gaigivebuli magnitosferos dRis mxaris sazRvris 
xazovani zoma, ( )201 VVq = , 1V -plazmis siCqare mdgari zonis 
sazRvarze. 
 (3.4.11)-idan cxadad sCans, rom magnitosferos winamdebare 
mdgari zona ar warmoadgens absolutur warmonaqmns, rac 
niSnavs, rom mis zomebs gansazRvravs cvladi parametri q . 
swored aqedan gamomdinareobs daSveba, rom mdgari zona winaswar 
moTxovnili sizustiT Seesabameba uZravi plazmis garkveul 
sasrul moculobas. aSkaraaa, rom mdgari zonis zRvars 
warmoadgens magnitosferos kritikuli wertili, romelsac 
iZleva zRvari 0→q . (3.4.11)-is analizidan gamomdinareobs, rom 
uxeS miaxloebaSi sivrceSi mdgari zona SeiZleba warmovidginoT 
rogorc 2/pi≈α  gaSlis kuTxis mqone konusi. amitom, 
magnitosferos winamdebare gardamaval areSi faqtiurad gvaqvs 
mxolod erTi xazovani zoma, mdgari zonis simaRle a , romelic 
daaxloebiT misi fuZis radiusis tolia. cxadia, rom mdgari 
zonis maqsimaluri simaRle maxa  gardamavali aris sisqis tolia. 
rac Seexeba minimalur simaRles, mas zRudavs hidrodinamikuri 
miaxloeba, anu piroba 
l
Ramin >   ( lR
710≈ sm - protonebis larmoris 
brunvis radiusi gardamaval areSi).  
 SevafasoT magnitosferos kritikuli wertilis (3.4.11) 
gamosaxulebebiT aproqsimaciis xarisxi. magaliTad, Tu magnito-
sferosTan urTierTqmedebamde mzis qaris maxasiaTebeli siCqarea 
7
0 104 ⋅=V sm.w-1, 
9102 ⋅≈maxa sm (gardamavali aris sisqe wynari 
magnitosferosaTvis). roca 10102 ⋅=L sm (magnitosferos dRis 
mxaris sazRvris sigrZe), mdgari zonis sazRvarze gveqneba 
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6
1 1072 ⋅≈ ,V sm.w-1, rac Seadgens 0V -is ≈7%-s. im SemTxvevaSi, Tu 
8106 ⋅≈a sm, mdgari zonis modelis sizuste izrdeba %1≈ -mde, 
radganac 51 104 ⋅≈V sm.w-1. amrigad, gamodis rom gardamaval areSi, 
kerZod mis fokalur nawilSi, yovelTvis iarsebebs 
mniSvnelovani sivrculi zomis mqone struqtura, romelSic 
plazmis siCqare, rogorc minimum, erTi rigiT naklebi iqneba mzis 
qaris siCqareze magnitosferosTan urTierTqmedebamde. 
magnitosferos garsdenis TeoriisaTvis am Sedegs principuli 
mniSvneloba aqvs, radganac adasturebs gardamaval areSi moZrav 
plazmaSi gansakuTrebuli hidrodinamikuri struqturis 
arsebobas. am struqturaSi (mdgar, anu stagnaciis zonaSi) mzis 
qaris damuxtuli nawilakebis dreifuli siCqare plazmis 
maxasiaTebeli hidrodinamikuri siCqaris Tanazomadia, rac 
niSnavs, rom aq samarTliania orsiTxovani magnituri 
hidrodinamikis gantolebebi [65]. 
 arsebobs magnitosferos dRis mxareze gardamaval areSi 
plazmis eleqtromagnituri dreifis siCqaris maxasiaTebeli 
sididis Sefasebis ori varianti. pirveli varianti ufro rbilia 
(naklebad mkacri) meore variantTan SedarebiT da efuZneba 
idealurad eleqtrogamtari mzis qaris eleqtrul vels 



−= − H
~
VcE
~ rrr
0
1 ; meore, pirvelTan SedarebiT xisti, varianti iyenebs 
magnitosferos sazRvris maxloblad plazmis wonasworobis 
Termodinamikur pirobas. pirvel SemTxvevaSi iTvleba, rom mzis 
qaris eleqtruli veli saplanetaTaSoriso sivrcidan 
yovelgvari cvlilebis gareSe aRwevs gardamaval areSi, rac 
fizikurad koreqtulia, rodesac eleqtruli veli dartymiTi 
talRis frontis tangencialuria (es piroba SeuSfoTebel mzis 
qarSi praqtikulad yovelTvis samarTliania). am SemTxvevaSi 
eleqtromagnituri dreifis siCqare gardamaval areSi SeiZleba 
Sefasdes gamosaxulebidan    
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dV
0
0
H
H
~
V
−= ,     (3.4.12) 
sadac H
~
-smv-s maxasiaTebeli mniSvnelobaa magnitosferosTan 
urTierTqmedebamde, 0H -magnituri veli gardamaval areSi. 
 meore SemTxveva Seesabameba mdgar zonas, amitom plazmis 
maxasiaTebeli xazovani zomaa a  parametri, romelic Sedis 
cnobil formulaSi [68]            
0d
V
aeH
cKTe
0
= ,    (3.4.13) 
sadac K -bolcmanis mudmivaa, eT -eleqtronebis temperatura. 
pirveli varianti gulisxmobs, rom gardamaval areSi 
irRveva smv-s mzis qarSi Cayinulobis piroba, ris gamoc 
protonebsa da eleqtronebs SeuZliaT sriali magnituri velis 
mimarT. radganac, dartymiTi talRis frontis gavlis Semdeg 
magnituri velis intensivoba, umeteswilad, matulobs, gamodis, 
rom rbili variantis dros 0VVd < , Tumca es siCqareebi mainc 
Tanazomadia, e.i. ≈dV
710 sm.wm-1. amitom, pirvel situaciaSi 
orsiTxovani mhd miaxloeba samarTliania faqtiurad mTel 
gardamaval areSi, misi periferiebis CaTvliT, sadac plazmis 
siCqare magnitosferosTan urTierTqmedebamde siCqaris Tanazo-
madi xdeba.  
 
0d
V -is sididis SefasebisaTvis gamoviyenoT mdgari zonis 
simaRlis zRvruli mniSvnelobebi: 810=mina sm, 
9102 ⋅=maxa sm, 
agreTve eleqtronuli temperaturisa da smv-s intensivobis 
maxasiaTebeli sidideebi wynari mzis qaris SemTxvevaSi: 0510 KTe =  
da 5103 −⋅=0H gausi. Sedegad, miviRebT dreifis siCqaris 
cvlilebis Semdeg intervals: 
0d
V ( )54 10331051 ⋅÷⋅≈ .. sm.wm-1. Tu am 
sidideebs SevadarebT 1V -is mniSvnelobas, romelic Seesabameba 
mina -s, SeiZleba davaskvnaT, rom, yovel SemTxvevaSi 
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magnitosferos kritikuli wertilis maxloblad (anu minimaluri 
zomebis mqone mdgar zonaSi mainc) aucilebelia orsiTxovani 
magnituri hidrodinamikis miaxloebis gamoyeneba.   
magnitogradientuli talRebis parametrebis miaxloebiTi 
SefasebisaTvis aucilebelia gvqondes erTkomponentiani magni-
turi veils magnitosferos fokalur areSi cvlilebis romelime 
modeli. aseTi modeli sakmarisia emorCilebodes sasazRvro 
pirobebs, roca magnitosferos sazRvarze (qveda sasazRvro 
piroba) magnituri velis intensivoba geomagnituri velis 
intensivobis tolia, xolo zeda sazRvarze, romelic SeiZleba 
warmoadgendes dartymiTi talRis fronts an sibrtyes  mdgari 
zonis simaRleze, magnituri veli smv-s toli unda iyos. aseT 
pirobas akmayofilebs magnituri velis ganawilebis sxvadasxva 
varianti, romelTa Sorisac umartivesia wrfivi tangencialuri 
wyveta  
    221 1 zzzz H)
a
y
)(HH()y(H +−−= .  (3.4.14) 
sadac 10 zz H)(H = - magnituri velis mniSvnelobaa magnitosferos 
sazRvarze, 2zz H)a(H = -smv-s mniSvnelobaa mdgari zonis simaRle-
ze. iTvleba, rom sruldeba utoloba 21 zz HH > . aqedan gamomdi-
nare, aucileblad iarsebebs eleqtruli denis x -komponenta, 
romelic mogezulia DCF-msxvilmasStabovani zedapiruli 
magnitosferuli denis miamrTulebiT 
  
a
)HH(c
y
Hc
Hrot
c
j zzzxx
21
444
−
pi
=
∂
∂
pi
−=
pi
= .  (3.4.15) 
amrigad, daculia sruli koreqtuloba magnitosferos garsdenis 
zogad suraTTan mimarTebaSi, romlis Tanaxmad geomagnituri 
velis ekranirebas axdens globaluri zedapiruli DCF-deni, 
gaigivebuli denian sibrtyesTan. Sesabamisad, ekranirebis aris, 
anu magnitopauzis, sisqe gaigivebulia a  parametrTan.  
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  davubrundeT helmholcis fundamentalur gantolebas (3.4.5), 
romelic warmoaCens magnitogradientuli talRebis generaciis 
fizikur meqanizms. Cveni modelis mixedviT, magnituri veli 
dakavSirebulia siCqaris grigalis z -mdgenelTan 
    0=




 + )y(H
Mc
e
Vrot
dt
d
zz
r
.  (3.4.16) 
(eleqtronebis inerciis gaTvaliswinebiT aseve SegviZlia war-
movadginoT (3.4.6) gantolebac).  
(3.4.16) gantolebis erT-erT kerZo amonaxsns aqvs saxe 
  constA)y(H
Mc
e
Vrot zz ==+ .  (3.4.17) 
magnitopauzisTvis (3.4.17) gantoleba kargad Seswavlilia 
[3,65,66]. aq, iseve, rogorc gardamavali aris fokalur nawilSi, 
V
r
 da H
r
-is araerTgvarovnebebi warmoiqmneba blanti plazmis 
dinebis TaviseburebebiT. Sedegad vRebulobT, rom magnituri 
velis araerTgvarovneba iwvevs siCqaris grigalis 
intensifikacias, iseve rogorc troposferoSi, sadac dedamiwis 
brunvis kuTxuri siCqaris araerTgvarovnebis gamo xdeba 
planetaruli masStabis mqone  rosbis atmosferuli talRebis 
generacia [64]. amis Sedegia ciklonisa da anticiklonis tipis 
msxvilmasStabovani grigalebis generacia, romlebic uSualo 
gavlenas axdenen dedamiwaze amindis formirebaze. gardamaval 
areSi, ionosferos msgavsad, moqmedebs troposferosTan 
SedarebiT gansxvavebuli fizikuri meqanizmi, dakavSirebuli 
magnituri velis araerTgvarovnebasTan. magram, miuxedavad am 
gansxvavebisa, arsebobs formaluri maTematikuri msgavseba, 
romelic gamoixateba rosbis tipis msxvilmasStabovani 
magnitogradientuli talRebis generaciaSi, rac holis efeqtSi 
eleqtronebisa da protonebis inerciis gaTvaliswinebis Sedegia.   
120 
SevafasoT magnitogradientuli talRebis speqtraluri da 
sivrculi maxasiaTeblebi gardamavali aris fokalur nawilSi 
magnituri veils wrfivi modelisaTvis (3.4.14).  
am mizniT Tavdapirvelad ganvsazRvroT Semdegi talRuri 
parametrebis maxasiaTebeli mniSvnelobebi  
1) 
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en
c
C zH
∆
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,    2) ( )
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pi ⋅= − 214 , 3) 
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x
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p
Mcak
He
C
∆
=′ ,  (3.4.18) 
xazovani masStabis zRvruli mniSvnelobisa ( mina  da maxa )  da 
Semdegi parametrebisaTvis: 4
21
102 −⋅=−= zzz HHH∆ gausi (rac 
Seesabameba geomagnituri dipolis SeuSfoTebel sidides 
magnitosferos sazRvarze) da  20=n prot.sm-3. e.i. gvaqvs 
maxx ak pi21 =  da minx ak pi22 = , romelTaTvisac HC , nC , pC ′  sidideebi 
mniSvnelovnad gansxvavdeba igive talRuri parametrebis 
sidideebisagan ionosferul garemoSi  
41052
1
⋅≈ ,CH  sm.w-1;    
5105
2
⋅≈HC  sm.w-1; 
61061
1
⋅≈ ,Cn  sm.w-1;     
61061
2
⋅≈ ,Cn  sm.w-1;    (3.4.19) 
81011
1
⋅≈′ ,C p  sm.w-1;      
6105
2
⋅≈′pC  sm.w-1. 
 Tu (3.4.19)-s CavsvavT (3.4.8)-(3.4.10)-Si, ganisazRvreba sakvlevi 
talRebis sixSiruli diapazoni magnitosferos sazRvarze 
magnituri velis wrfivi ganawilebis modelis farglebSi: 
61 1071 ⋅≈+ ,C
)( sm.w-1; 31
11 105 −++ ⋅≈= x
)()( kCω w-1; 311 10212 ⋅≈= ++ ,T
)()( ωpi w; 
62 1081 ⋅≈+ ,C
)( sm.w-1; 12
22 10−++ ≈= x
)()( kCω w-1; 602 22 ≈= ++
)()(T ωpi w; 
61 1071 ⋅≈− ,C
)( sm.w-1; 31
11 105 −−− ⋅≈= x
)()( kCω w-1; 311 10212 ⋅≈= −− ,T
)()( ωpi w;(3.4.20) 
 62 1031 ⋅≈− ,C
)( sm.w-1; 22
22 1087 −−− ⋅≈= ,kC x
)()(ω w-1; 802 22 ≈= −−
)()(T ωpi w; 
 61 1061 ⋅≈ ,C )(n sm.w-1;
3
1
11 105 −⋅≈= x
)(
n
)(
n kCω w-1;  
311 10212 ⋅≈= ,T )(n
)(
n ωpi w; 
 62 1061 ⋅≈ ,C )(n sm.w-1; 
1
2
22 10−≈= x
)(
n
)(
n kCω w-1;  632
22 ≈= )(n
)(
nT ωpi w; 
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(3.4.20) miRebulia, roca magnituri veli magnitopauzaSi wrfivad 
icvleba, rac Seesabameba (3.4.14) ganawilebas. meore Tavidan 
cnobilia, rom aseTi ganawileba Seesabameba mimdevrobiTi 
miaxloebis meTodiT gansazRvrul pirvel, ZiriTad wevrs, e .i. 
warmoadgens gamartivebuli magnituri velis induqciis 
gantolebis amonaxns. ufro maRali rigis mwkrivis saxis mqone 
sxva, arawrfivi, ganawilebebi aRar warmoadgenen induqciis 
gantolebis zust amonaxsns, Tumca arsebobs msgavsi 
ganawilebebis gamoyenebis SesaZlebloba, Cveulebriv 
hidrodinamikaSi cnobili sasazRvro fenSi siCqaris 
ganawilebebis msgavsad [17,71,72,73]. magaliTad, 
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 −= , romlebic (3.4.14)-is 
msgavsad, akmayofileben sasazRvro pirobebs. kerZod,       
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 modelisaTvis gveqneba: 
 
y=0.1  
 
61 1020 ⋅≈+ ,C
)( sm.w -1; 31
11 1070 −++ ⋅≈= ,kC x
)()(ω w-1; 311 10982 ⋅≈= ++ ,T
)()( ωpi w; 
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22 102 −++ ⋅≈= x
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)()(T ωpi w; 
61 1020 ⋅≈− ,C
)( sm.w-1;  41
11 107 −−− ⋅≈= x
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 amrigad, miviReT magnituri velis arawrfivi ganawilebis 
Sesabamisi talRuri diapazonebi, romlebic mniSvnelovnad 
afarToeben magnitogradientuli talRebis speqtrs magnito-
pauzaze, romelic srulad moicavs Pc1-6 regularuli geomag-
nituri pulsaciebis diapazons [74]. 
dinamo-velis maxasiaTebeli sidide h , anu magnituri 
pulsaciebis amplituda, romelic Tan axlavs magnitogradien-
tuli talRebis gavlas, SegviZlia SevafasoT maqsvelis gantole-
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bis saSualebiT: cj4piHrot
rr
= , romelSic denis simkvrive ganisazR-
vreba dreifis siCqariT: caenVh d02≈ . magaliTad, intervalisaTvis 
0d
V ( )54 10331051 ⋅÷⋅≈ .. sm.wm-1, dinamo-velis intensivoba icvleba 
intervalSi ( ) 51051.0 −⋅÷ gausi, rac sakmarisi unda iyos am 
talRebiT gamowveuli geomagnituri velis rxevebis dedamiwis 
zedapirze fiqsaciisaTvis [75].   
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daskvnebi 
 
 
1. mzis qaris eleqtruli gamtareblobis droSi impulsuri 
cvlilebis modelirebis gziT, parkeris kinematikuri 
modelis gamoyenebiT, Svecis mimdevrobiTi miaxloebis 
meTodis saSualebiT, miRebulia Jigulevis pirveli gvaris 
magnitur sasazRvro fenasTan gaigivebuli meridionaluri 
magnitopauzis parametrebis analizuri gamosaxulebebi; 
warmoCenilia magnituri sasazRvro fenis sisqis inerciis 
efeqti; temperaturul sasazRvro fenaSi cnobili efeqtis 
msgavsad, inercia xels unda uwyobdes magnitopauzis 
parametrebis stabilurobas plazmis eleqtruli gamtareb-
lobis cvlilebisas; Sefasebulia magnitopauzis gaswvriv 
eleqtromagnituri dreifis siCqaris sidide, romelic 
warmoadgens magnitosferos sazRvris maxloblad erTsiT-
xovani magnituri hidrodinamikis gantolebebis gamoyenebis 
samarTlianobis kriteriums. 
 
2. algebruli mrudebis Teoriis gamoyenebiT agebulia 
magnitosferos kritikul wertilSi magnituri velis anihi-
laciis Sedegad geomagnituri velis sasazRvro Zalwiris 
konfiguraciis cvlilebis brtyeli topologiuri modeli, 
romlis Tanaxmad kritikul wertilSi albaTuria namdvili 
kvanZis Camoyalibeba. aseT SemTxvevaSi mniSvnelovnad mar-
tivdeba saplanetaTaSoriso magnituri velisa da geomag-
nituri velis  gadaerTebis  sqema, radganac aRar aris 
aucilebeli magnitosferos sazRvris erozia, romelsac 
Cveulebriv ukavSirdeba Sidamagnitosferuli struqturebis 
Zlieri SeSfoTeba. 
 
3. gansakuTrebul wertilSi saplanetaTaSoriso magnituri 
velis Zalwiris mravaljeradi gaxleCis SesaZleblobis 
safuZvelze agebulia magnitosferos winamdebare mdgari 
zonis magnituri zedapiri; naCvenebia, rom es zedapiri, 
magnitosferos irgvliv koncentruli magnituri maryuJebis 
modelTan sinTezis SemTxvevaSi, gardaiqmneba cvladi bijis 
mqone xraxnisebur magnitur zedapirad, romlis parametrebi 
ganisazRvreba mdgari zonis xazovani parametrebis saSua-
lebiT; naCvenebia, rom topologiuri msgavseba mzis qarSi 
Cayinuli saplanetaTaSoriso magnituri velis Zalwirebsa 
da plazmis denis wirebs Soris, rasac adgili aqvs 
magnitosferosTan urTierTqmedebamde siCqarisa da mag-
nituri velis induqciis veqtorebis paralelurobis SemT-
xvevaSi, SeiZleba SenarCunebuli iyos magnitosferos 
winamdebare mdgar zonaSi im SemTxvevaSic ki, Tu plazmas 
gaaCnia sasruli magnituri da Cveulebrivi siblante. 
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4.  magnitosferos winamdebare mdgar zonaSi, rogorc 
idealurad gamtari, aseve meqanikurad da magniturad 
blanti kumSvadi plazmis miaxloebaSi, SesaZlebelia 
magnitopauzaze protonebis ciklotronuli sixSiris Tana-
zomadi sixSiruli speqtris mqone mhd talRebis generacia. 
aRmoCnda, rom ekvatorialuri magnitopauzis garda, 
eleqtromagnituri bunebis mqone, metad dabali sixSiris 
rosbis tipis magnitogradientuli talRebis generacia 
SesaZlebelia agreTve  gardamavali aris fokalur nawil-
Sic; magnituri velis wrfivi da arawrfivi ganawilebis 
sxvadasxva modelebisaTvis mdgari zonis modelis 
miaxloebaSi miRebulia rosbis tipis talRebis sixSiruli 
speqtri, romelic faravs regularuli geomagnituri 
pulsaciebis (Pc1-Pc6) sixSirul diapazons .           
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